A0-A09*  bl9  AIR  FORCE  INST  OF  TECH  WRI GHT-PATTERSON  AFB  OH  p/G  5/1 

THE  INFLUENCE  OF  THE  BACKLOG  OF  WORK  ON  CONSTRUCTION  COMPANY  OP— ETC (U) 
I960  R  C  RHYE 

UNCLASSIFIED  AFIT-CI-8Q-7T  NL 


AD  A09251  9 


ABSTRACT 


Existing  management  techniques  hold  vast  potential  for  improving 
construction  operations.  This  thesis  examines  the  influence  on 
managerial  decisions  of  the  backlog  of  work.  The  thesis  studies 
a  model  developed  by  Larew  that  relates  the  work  completed  by  an 
enterprise  and  the  backlog  of  work  in  order  to  gain  an  insight 
into  the  influence  of  the  backlog  of  work  on  construction  company 
operations ., 
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CHAPTER  1 
INTRODUCTION 


1 .1  The  Construction  Industry  Today 

The  construction  industry  is  a  powerful  and  extremely  competitive 
segment  of  the  United  States  economy.  "The  value  of  construction  put 
in  place  has  averaged  13-14%  of  the  total  gross  national  product  in  re¬ 
cent  years.  In  terms  of  employment,  the  construction  industry  is  the 
largest  single  industry  in  the  country,  employing  some  6,000,000  people 
at  one  time  or  another  during  a  single  year"  (24:277).  Economic  condi¬ 
tions  that  have  prevailed  since  the  late  1940‘s  have  spurred  signifi¬ 
cant  growth  in  the  industry  and  today  "there  are  approximately  75,000 
design  firms,  800,000  contractors,  100,000  material  suppliers  and  1,000 
equipment  suppliers"  (24:280).  The  industry  is  characterized  by  ex¬ 
tremely  low  profits  and  high  rates  of  failure.  Approximately  1600  con¬ 
struction  firms  fail  each  year  (32:6),  while  countless  others  manage 
to  barely  survive.  From  1967  to  1976,  the  industry’s  average  share  of 
total  business  failures  has  remained  steady  at  17%  (32:5)  while  the 
average  net  profits  on  sales  for  construction  firms  ranges  from  1-2% 
(15). 

Many  researchers  and  industry  personnel  believe  that  the  miserable 
conditions  in  the  industry  are  primarily  caused  by  managerial  incompe- 
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tence  and  a  failure  to  develop  and  adopt  new  or  improved  management 
techniques.  Rossow  and  Moavenzadeh  paint  a  grim  picture  of  the  indus¬ 
try  in  the  following  passage  (24:291): 

The  construction  industry  is  generally  considered  to 
be  rather  slow  in  its  acceptance  of  new  management 
techniques;  network  techniques  comprise  probably  the 
most  significant  advance  to  date,  but  even  these  are 
not  being  used  to  their  fullest  extent.  Other  sophis¬ 
ticated  techniques  which  are  still  talked  about  more 
than  they  are  used  but  which  appear  to  be  generally 
applicable  to  the  construction  industry  are,  for  ex¬ 
ample,  bidding  strategies,  time  and  motion  studies, 
methods  engineering,  value  engineering,  resource 
allocation,  operations  research,  advanced  estimating 
techniques  and  systems  management  techniques.  The 
construction  industry  is  also  beginning  to  use  the 
computer. 

The  techniques  mentioned  above  and  most  of  the  research  in  construction 
address  two  of  management's  primary  functions,  planning  and  control  at 
the  project  level.  Managerial  emphasis  in  construction  has  tradition¬ 
ally  been  placed  on  the  time  period  between  project  inception  and  com¬ 
pletion  and  the  majority  of  managerial  energy  is  consumed  by  field 
activities  (7:4) . 

Unfortunately,  the  economic  conditions  that  have  prevailed  up  to 
the  1970's  are  changing  dramatically  (4:647),  and  managerial  emphasis 
solely  at  the  project  level  may  prove  inadequate  in  a  highly  competi¬ 
tive  environment.  Construction  markets  are  becoming  more  competitive 
as  the  industry's  ability  to  supply  services  becomes  greater  than  the 
demand  (4:647).  Volatile  economic  conditions  pose  a  serious  threat  to 
the  survival  of  the  individual  firm  due  to  costly  and  scarce  credit  and 
a  reluctance  of  buyers  to  purchase  construction  services.  No  firm, 
regardless  of  age  and  experience,  is  immune  from  environmental  pres- 
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sures  that  may  lead  to  failure  (15):  the  firm  can  only  adapt  and  im¬ 
prove  company  operations  at  all  levels  in  hope  of  surviving  and,  possi¬ 
bly,  prospering  in  the  industry  today. 

1 .2  Motivation  for  Research 

There  is  little  doubt  that  existing  management  techniques  hold 
vast  potential  for  improving  construction  operations.  It  is  the  writ¬ 
er's  conviction,  however,  that  greater  research  effort  must  be  devoted 
to  the  examination  and  exploration  of  ccm,  ,>  operations  at  the  highest 
decision  making  levels.  New  models  and  management  techniques  must  be 
developed  that  address  such  issues  as  marketing  analysis,  portfolio  de¬ 
sign,  project  feasibility  and  desirability  ranking,  organizational  de¬ 
sign,  etc.  Issues  such  as  these  have  for  the  most  part  been  largely 
neglected  in  the  construction  literature.  Short  of  developing  new 
models,  it  may  be  feasible  to  modify  existing  models  to  address  issues 
that  confront  top  construction  company  executives  today. 

An  issue  that  has  been  neglected  by  researchers  that  influences 
many  managerial  decisions  in  some  manner  is  the  backlog  of  work.  The 
purpose  of  this  thesis  is  to  study  a  model  developed  by  Larew  (14)  that 
relates  the  work  completed  by  an  enterprise  and  the  backlog  of  work 
(14:104)  in  hope  that  some  insight  may  be  gained  into  the  influence  of 
the  backlog  of  work  on  construction  company  operations. 
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1.3  Organization 

Chapter  2  presents  an  introduction  to  the  backlog  of  work  model. 
Sections  2.1  and  2.2  discuss  model  parameters  and  the  impact  of  changes 
in  these  parameters  on  the  backlog  of  work  curve  for  a  given  operation. 
Section  2.3  presents  a  brief  review  of  past  applications  of  the  model 
and  potential  applications  of  the  model  are  summarized  in  Section  2.4. 

Chapter  3  further  examines  the  topics  identified  in  Section  2.4. 
The  current  literature  on  each  topic  is  reviewed  to  promote  and  under¬ 
standing  of  the  state-of-the-art  in  addressing  and  confronting  these 
issues.  The  need  for  research  is  discussed  for  each  issue.  Section 
3.2  examines  competitive  bidding  and  the  backlog  of  work.  Section  3.3 
examines  project  size  and  Sectior.  3.4  discusses  working  capital  and 
bonding  capacity. 

Chapter  4  outlines  the  experiments  performed  by  the  writer. 
Sections  4.1  and  4.2  briefly  discuss  the  computer  programs  used  during 
the  course  of  study.  The  assumptions  for  all  experiments  are  outlined 
in  Section  4.3.  The  scope  of  research  is  outlined  in  Section  4.4  and 
the  experiments  are  discussed  in  Sections  4.5,  4.6  and  4.7. 

The  results  of  the  experiments  performed  by  the  writer  are  report¬ 
ed  and  discussed  in  Chapter  5.  Chapter  6  presents  the  writer's  conclu¬ 
sions  and  recommendations  for  future  research. 
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CHAPTER  2 


THE  BACKLOG  MODEL* 


The  purpose  of  this  chapter  is  to  introduce  the  reader  to  the 
backlog  of  work  model.  Development  of  the  model  is  discussed  in  the 
first  section.  The  next  two  sections  discuss  the  parameters  in  the 
model  and  the  impact  of  changes  in  these  parameters  on  the  relation¬ 
ship  between  the  work  completion  rate  and  the  backlog  of  work.  Appli¬ 
cations  of  the  model  by  other  researchers  are  summarized  in  the  third 
section  and  potential  applications  of  the  model  are  presented  in  the 
last  section. 

2.1  Development  of  the  Model 

Larew's  model  suggests  that  the  amount  of  work  completed  by  an  en¬ 
terprise  in  any  month  is  a  function  of  the  backlog  of  work  at  the  be¬ 
ginning  of  the  month.  Backlog  is  defined  as  the  amount  of  uncompleted 
bonded  and  unbonded  work  on  hand,  and  may  include  work  that  has  been 
bid  but  not  yet  awarded.  Work  that  has  been  subcontracted  and  bonded 
by  tne  subcontractor's  surety  is  not  included  in  a  general  contractor's 
backlog  of  work.  The  relationship  developed  by  Larew  is 


*The  material  presented  in  this  chapter  is  from  the  work  of  Larew 
(14).  Citations  within  this  chapter  are  given  for  direct  quotes  only. 
All  paraphrased  material  is  not  cited  within  the  text. 
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where 


W  =  The  work  completed  during  the  month  in  thousands  of  dol¬ 
lars, 

U  =  The  uncompleted  work  on  hand  at  the  beginning  of  the 
month  in  thousands  of  dollars, 

C  =  A  constant  of  proportionality, 

K  =  An  uncompleted  work  coefficient,  and 

e  =  2.71828  (the  Napierian  base). 

The  source  documents  for  Larew's  original  study  were  the  monthly  and 

annual  financial  statements  from  a  general  contracting  operation  for  a 

period  of  60  months  during  the  1960's.  The  information  recorded  was 

accumulated  completed  work  versus  time,  to  include  billings  plus  the 

completed  portion  of  work  in  progress  not  yet  billed,  and  the  sum  of 

the  completed  work  and  backlog  versus  time. 

Figure  2.1  shows  a  typical  relationship  between  W  and  U.  The  work 
completed  by  an  enterprise  in  any  month  is  not  likely  to  be  determinis¬ 
tic:  seasonal  conditions,  change  orders,  personnel  turnovers,  equip¬ 
ment  failures  and  an  endless  number  of  factors  combine  to  ensure  that 
the  work  completed  by  an  enterprise  in  any  month  is  stochastic.  It  is 
important  to  note  that  the  relationship  between  W  and  U  is  constrained 
in  all  directions.  The  work  completed  by  an  enterprise  in  any  month 
will  range  from  zero  to  some  level  of  production  that  is  constrained  by 
the  availability  of  working  capital.  This  level,  which  is  a  measure  of 
the  mean  completion  rate.  Is  referred  to  as  the  working  capital  con¬ 
straint  level  or  level  of  capitalization.  It  is  possible  for  a  company 


WORK  COMPLETION  RATE 


FIGURE  2.1  —  TYPICAL  W  VERSUS  U  CURVE 
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to  complete  a  negative  amount  of  work  in  any  month  if  initial  work  is 
rejected  for  noncompl iance  with  the  contract  documents  or  if  work  is 
somehow  damaged  or  destroyed;  however,  these  exceptions  are  not  exam¬ 
ined  in  this  thesis.  The  backlog  of  work  will  range  from  zero  to  a 
bonding  limit  that  is  established  by  the  company's  surety.  These  con¬ 
straints  will  be  discussed  in  further  detail  in  Chapter  3. 

2.2  The  Uncompleted  Work  Coefficient 

Larew  found  that  the  uncompleted  work  coefficient,  K,  was  a  "meas¬ 
ure  of  the  time  required  for  making  decisions  and  providing  information 
required  by  field  personnel"  (14:113).  The  coefficient  is  therefore 
called  the  decision  making  time  interval  parameter.  The  importance  of 
rapid  decision  making  and  good  communications  is  emphasized  in  nearly 
every  text  addressing  construction  company  planning.  The  timeliness 
of  decision  making  depends  on  such  factors  as  the  mode  of  operation 
(modus  operandi),  the  type  of  work  being  performed,  the  performance  of 
the  owner  and  Architect/Engineer  and  the  contractor's  information  gath¬ 
ering  and  analysis  system.  The  functional  relationship  between  the 
above  factors  and  the  decision  making  time  interval  was  not  analytical¬ 
ly  studied,  but  a  study  of  the  company's  history  provided  valuable  in¬ 
sight  into  changes  of  the  decision  making  time  interval  with  changes  of 
modus  operandi.  Table  2.1  presents  a  summary  of  Larew's  study  of  the 
decision  making  time  interval.  Figure  2.2  shows  the  effect  of  changes 
In  the  decision  making  time  interval  parameter  while  the  constant  of 
proportionality  remains  constant. 
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TABLE  2.1  —  ESTIMATING  THE  DECISION  MAKING  TIME  INTERVAL 


.000144 


.000691 

.000706 


.001516 

.001725 


.003029 


.003703 


.004143 


.004452 


.006134 


ESTIMATED 

DECISION 

INTERVAL 

MODUS  OPERANDI 

1-Day 

Design  build;  decisions  usually 
made  on  the  spot  or  within  hours 

1 -Week 

Conventional  competitive  bidding 
mode;  planning  and  scheduling  by 
means  of  a  real-time  information 
system 

2-Weeks 

Design  build  and  conventional 
competitive  bidding  modes; 
transitional  period  during 
implementation  of  a  real-time 
information  system 

4-Weeks 

Design  build  and  conventional 
competitive  bidding  modes;  one 
major  project  experiencing 

5-Weeks 

continued  delays  due  to  the  lack 
of  a  qualified  owner  representati ve 
in  the  field  with  authority  to 
make  decisions;  owner  delaying 

6-Weeks 

project  due  to  unanticipated  higher 
cost 

8-Weeks 

Changeover  in  top  management 
personnel ;  actual  time  to  make 
decisions  varied  greatly 

Larew  found  that  changes  in  the  constant  of  proportionality,  C, 
were  associated  with  personnel  changes  and  external  forces.  Production 
tended  to  decrease  when  key  personnel  left  the  enterprise  or  when  ex¬ 
ternal  forces,  such  as  social  pressures  or  threats  of  violence,  were 
directed  against  the  enterprise.  Other  factors  such  as  promotions  also 
appeared  to  be  associated  with  changes  in  the  constant  of  proportional¬ 
ity.  The  constant  of  proportionality  is,  therefore,  called  the  per¬ 
ceived  opportunity  for  achievement  parameter.  Again,  the  functional 
relationship  between  the  above  factors  and  the  parameter  was  not  analy¬ 
tically  studied,  but  the  company's  history  provided  some  insight  into 
changes  of  the  parameter  with  changes  of  the  attitudes  of  key  personnel. 
Table  2.2  presents  a  summary  of  Larew* s  study  of  the  perceived  opportu¬ 
nity  for  achievement  parameter,  and  Figure  2.3  shows  the  effect  of 
changes  in  the  parameter  while  the  decision  making  time  interval  param¬ 
eter  remains  constant. 

2.4  Applications  of  the  Model 

The  writer  finds  no  published  construction  company  applications  of 
the  backlog  model  or  any  similar  model  other  than  the  original  work  of 
Larew  (14).  However,  Hunt  (13)  has  applied  the  model  in  his  study  of 
the  operation  of  the  Building  Research  Laboratory  at  The  Ohio  State  Uni¬ 
versity,  and  Larew  has  applied  the  model  in  a  limited  number  of  unpub¬ 
lished  proprietory  studies  of  construction  companies.  According  to 
Larew,  the  major  obstacle  to  application  of  the  model  is  that  company 
records  typically  do  not  contain  data  needed  to  accurately  reconstruct 


FIGURE  2.2  --  EFFECT  0^  CHANGES  IN  K 


FIGURE  2.3  --  EFFECT  OF  CHANGES  IN  C 
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TABLE  2.2  --  ESTIMATING  THE  PERCEIVED  OPPORTUNITY  FOR 
ACHIEVEMENT 


c 

PERCIEVED 

OPPORTUNITY 

FOR 

ACHIEVEMENT 

COMPANY  HISTORY 

2.058 

2.055 

Excellent 

Enterprise  expansion;  personnel  at 
all  levels  within  the  organization 
are  working  at  their  fullest 
potential 

1.551 

1.264 

1.205 

Good 

Layoffs  are  occurring  but  personnel 
are  still  working  at  capacity; 
several  key  personnel  are  promoted 
and  in  training 

0.776 

0.742 

0.599 

0.523 

0.453 

Average 

No  special  opportunities  or 
inhi bi tors 

0.186 

0.113 

Poor 

Opportunities  abound  but  workers 
feel  stiff led  due  to  new  auto¬ 
cratic  management  style;  inter¬ 
personal  communications  break 
down 
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both  the  rate  of  work  completion  and  the  backlog  of  work. 

Larew  has  recently  applied  the  model  in  studies  of  individual  proj¬ 
ects.  His  most  recent  unpublished  studies  concern  private  and  public 
construction  in  Kuwait.  White  (31)  recently  applied  the  model  in  his 
study  of  the  construction  of  a  twin  nuclear  power  plant.  While  the 
writer  does  not  examine  applications  of  the  model  at  the  project  level, 
the  applications  summarized  above  tend  to  support  the  validity  (useful¬ 
ness)  of  the  model  at  both  the  enterprise  and  project  levels. 

2.5  Potential  Applications  of  the  Model 

Larew  originally  suggested  that  the  model  may  provide  some  insight 
into  determining  if  the  optimum  markup  should  be  modified  with  respect 
to  the  level  of  backlog  if  a  firm's  primary  objective  is  to  maximize  net 
profits.  To  examine  this  topic,  he  suggested  that  a  computer  program  be 
written  to  incorporate  the  model  into  a  competitive  bidding  strategy. 
Constraints  on  the  work  completion  rate  and  the  backlog  of  work  suggest 
that  the  model  may  also  be  used  to  examine  working  capital  and  bond¬ 
ing  constraints  and  the  influence  of  project  size  on  net  profits.  The 
model  appears  to  be  adaptable  for  the  study  of  a  wide  range  of  topics; 
however,  research  in  this  thesis  is  limited  to  the  above  issues. 
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CHAPTER  3 


POTENTIAL  APPLICATIONS  OF  THE  MODEL 

* 

The  purpose  of  this  chapter  is  to  introduce  the  reader  to  the 
three  areas  of  study  in  this  thesis  as  they  relate  to  the  backlog  of 
work:  competitive  bidding,  project  size,  and  working  capital  and  bonding 
capacity.  The  current  literature  for  each  topic  is  reviewed  and  exam¬ 
ples  are  presented  to  promote  an  understanding  of  how  the  backlog  model 
may  be  used  to  study  each  issue. 

3.1  The  Competitive  Bidding  Process 

The  construction  contractor  may  obtain  work  through  the  negotia¬ 
tion  or  competitive  bidding  processes.  While  there  has  been  a  gradual 
increase  in  the  amount  of  negotiated  work,  the  submission  of  sealed 
competitive  bids  remains  the  predominant  method  of  obtaining  work  in 
most  construction  markets  (11:181).  In  this  process  the  owner  will 
normally  award  the  contract  to  the  lowest  qualified  bidder.  The 
dilemma  facing  the  contractor  in  the  competitive  bidding  process  is 
quite  simply  understood.  The  contractor  must  estimate  the  cost  of  a 
i  complex  product  or  service  before  it  physically  exists,  and  then  deter¬ 

mine  a  markup  that  will  be  added  to  the  cost  estimate.  The  contrac¬ 
tor's  understanding  of  the  cost  of  a  given  project  is  complicated  by 
the  dependency  and  complexity  of  work  items  that  comprise  the  project. 
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his  experience  with  similar  work,  the  accuracy  of  his  cost  records, 
a  technological  advantage  or  disadvantage  and  a  variety  of  other 
factors.  If  the  contractor's  estimated  cost  is  too  high,  the  proba¬ 
bility  of  obtaining  competitively  bid  work  is  decreased.  If  the  esti¬ 
mated  cost  is  too  low,  the  contractor's  probability  of  winning  is  in¬ 
creased,  but  the  probability  of  showing  a  profit  is  decreased.  A 
similar  analogy  can  be  made  with  the  markup.  The  markup  to  be  added 
to  the  estimated  cost  should  reflect  the  contractor's  objectives, 
the  cost  of  estimating  the  specific  project  and  others  that  were 
estimated  and  lost,  the  cost  of  overhead  and  other  non-price  features, 
such  as,  the  backlog  of  work. 

3.1.1  Competitive  Bidding  Strategies  and  the  Backlog  of  Work 

It  has  been  observed  that  contractors  typically  increase  the 
markup  applied  to  an  estimate  as  the  backlog  of  work  increases  and 
decrease  the  markup  as  the  backlog  of  work  decreases.  For  companies 
using  expectancy  pricing  methods,  this  means  that  the  markup  which 
maximizes  expected  profits  is  not  always  used  and  that  some  markup 
is  used  that  reflects  the  financial  or  managerial  position  of  the 
firm,  market  conditions  or  some  combination  of  secondary  objectives. 
Since  Friedman's  pioneering  effort  to  develop  a  formal  bidding  strategy, 
several  researchers  have  recognized  the  need  to  incorporate  a  company's 
work  load  (backlog  of  work)  in  an  analytical  bidding  strategy  (2,  3,  11, 
14,  21,  25,  26,  and  30).  All  currently  published  competitive  bidding 
strategies  developed  for  use  by  the  construction  industry  require  the 
interjection  of  subjective  decision  making  at  some  point  in  the 
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analytical  process  to  account  for  such  intangibles  as  the  backlog  of 
work,  self-imposed  constraints  on  project  size  or  the  number  of  proj¬ 
ects  bid,  or  secondary  objectives  other  than  that  of  maximizing  expec¬ 
ted  profits  or  expected  utility.  Bacarreza  notes  that  markup  should  be 
modified  to  account  for  such  intangibles,  but  does  not  specify  how  or 
to  what  extent  markup  should  be  modified  (2:29). 

Grinyer  and  Whitaker  present  a  schematic  of  the  competitive  bid¬ 
ding  process  (11:183),  shown  in  Figure  3.1,  thdt  recognizes  the  backlog 
of  work  and  the  limited  resources  of  the  contractor  as  key  variables  in 
the  bidding  process.  A  contractor  should  first  examine  these  key  vari¬ 
ables  to  determine  if  an  opportunity  will  be  competitively  bid.  If  the 
opportunity  is  deemed  favorable  and  within  the  company’s  capacity,  the 
project  is  estimated.  After  the  estimate  is  complete,  the  contractor 
should  again  examine  his  backlog  of  work  and  current  resource  utiliza¬ 
tion  to  aid  in  developing  the  markup  that  will  be  applied  to  the  esti¬ 
mate.  Managerial  judgment  is  required  throughout  this  process  to  de¬ 
termine  how  and  to  what  degree  the  backlog  of  work  should  influence  the 
competitive  bidding  process. 

Wade  and  Harris  (30)  suggest  a  similar  process  that  recognizes  a 
variety  of  constraints,  to  include  the  backlog  of  work,  that  influence  a 
contractor's  competitive  bidding  strategy.  They  state  "that  it  would 
be  naive  to  develop  a  business  strategy  without  including,  at  least  im¬ 
plicitly,  effects  caused  by  such  constraints"  (30:202).  Unfortunately, 
implicit  consideration  is  also  outside  the  development  of  their  LOMARk 
bidding  strategy. 
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- ►Information  flows 

- ►Sequential  flows 


FIGURE  3.1  --  THE  COMPETITIVE  BIDDING  PROCESS 
(11 : 1 83) 
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The  works  of  Sewall  (25)  and  Larew  (14)  in  the  area  of  competitive 
bidding  perhaps  best  illustrate  the  state  of  the  art  in  considering  ob¬ 
jectives  other  than  the  maximization  of  expected  profits.  Sewall  de¬ 
veloped  a  computer  program  that  utilizes  his  competitive  bidding  strat¬ 
egy  to  analyze  market  opportunities.  He  notes  that  "in  the  long  run, 
the  contractor's  best  profit  maximizing  strategy  is  to  make  bids  which 
have  the  greatest  expected  contribution  on  each  contract  opportunity" 
(25:95).  Sewall's  clientele,  however,  tend  to  view  the  computer  model 
as  a  tool  used  only  to  perform  complex  mathematical  calculations,  and 
they  express  the  need  to  exercise  professional  judgment  at  both  the  in¬ 
put  and  output  stages  of  the  program.  As  a  result,  the  output  is  de¬ 
signed  to  display  a  range  of  bids  and  the  corresponding  probabilities 
of  winning  and  expected  contributions.  The  contractor  is  able  to  de¬ 
termine  the  change  in  the  expected  contribution  if  he  bids  slightly 
higher  or  lower  than  the  bid  which  maximizes  the  expected  contribution. 
Using  this  approach,  the  contractor  is  able  to  subjectively  explore  the 
impact  of  secondary  objectives  and  non-price  features,  such  as  the  cur¬ 
rent  utilization  of  capacity,  on  the  probability  of  winning  and  the  ex¬ 
pected  contribution  (profit). 

Larew's  competitive  bidding  strategy  does  not  explicitly  examine 
secondary  objectives  or  the  backlog  of  work;  however,  he  does  suggest 
that  the  probability  density  function  of  markup  may  be  used  to  examine 
the  impact  of  such  factors  on  the  expected  profit  at  various  levels  of 
markup.  Figure  3.2  presents  a  typical  probability  density  function  for 
markup.  M*  in  this  figure  is  the  markup  which  maximizes  expected  net 
profits.  Larew  recommends  that  a  contractor  should  not  bid  below  M'  or 
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MARKUP 

FIGURE  3.2  --  PROBABILITY  DENSITY  FUNCTION  FOR  MARKUP 
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above  M"  after  considering  secondary  objectives,  and  these  two  markups 
are  found  where  a  horizontal  projection  intersects  the  probability  den¬ 
sity  function  at  85%  of  the  maximum  frequency,  f(x). 

3.1.2  Other  Related  Research 

The  works  of  several  other  researchers  in  areas  related  to  compet¬ 
itive  bidding  merit  discussion  for  their  consideration  of  the  backlog 
of  work.  Vergara  and  Boyer  (29)  present  an  initial  attempt  to  develop 
applications  of  portfolio  theory  for  the  construction  industry.  They 
suggest  that  using  bidding  strategy  models  and  portfolio  theory  allows 
a  contractor  to  select  an  optimum  mix  of  construction  projects  and  de¬ 
termine  appropriate  bid  prices.  Backlog  is  one  of  the  factors  these 
writers  consider  in  portfolio  design. 

Torgersen,  Wyskida  and  Yarbrough  (27)  developed  a  bidding-work  game 
that  recognizes  that  the  competitive  bidding  process  requires  an  assess¬ 
ment  of  work  loading  requirements  and  work  load  capacity.  These  re¬ 
searchers  state  that  the  primary  emphasis  of  competitive  bidding  strat¬ 
egies  is  the  determination  of  an  optimum  bid  price,  and  they  maintain 
that  optimum  work  loading  and  scheduling  of  projects  within  an  estab¬ 
lished  capacity  is  an  equally  important  determination. 

3.1.3  The  Need  for  Research 

It  is  noted  in  this  section  that  several  researchers  and  many  con¬ 
tractors  feel  that  the  backlog  of  work  is  an  important  variable  to  con¬ 
sider  when  developing  a  business  strategy.  It  would  be  difficult  to 
support  or  reject  the  hypothesis  that  the  backlog  of  work  should 
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influence  the  level  of  markup  applied  to  a  cost  estimate  without  con¬ 
sidering  the  primary  objective  of  the  company  in  question.  There  is 
little  doubt  that  many  contractors  in  the  construction  industry  do  not 
strive  to  maximize  profits  or  return  on  investment.  The  contractor 
whose  primary  business  objective  is  to  keep  all  personnel  employed  may 
sacrifice  profits  and  perhaps  intentionally  assume  an  unprofitable 
business  strategy  to  satisfy  this  objective.  When  the  contractor's 
backlog  of  work  approaches  a  level  where  layoffs  may  be  necessary,  his 
strategy  will  reflect  the  need  for  work  to  statisfy  the  company's  pri¬ 
mary  objective:  keep  everyone  on  the  payroll. 

It  is  not  the  intent  of  this  thesis  to  debate  business  objectives, 
and  it  is  assumed  in  this  thesis  that  contractors  strive  to  maximize 
net  profits  and  use  expectancy  pricing  methods  to  determine  an  optimum 
markup.  Should  markup  be  slightly  raised  or  lowered  as  the  backlog  of 
work  increases  or  decreases?  If  so,  when  should  the  contractor  modify 
markup  and  by  how  much?  Questions  such  as  these  reflect  the  need  to 
determine  if  the  backlog  of  work  should  be  considered  in  the  develop¬ 
ment  of  a  formal  bidding  strategy. 

3.2  Project  Size  and  the  Backlog  of  Work 

The  backlog  of  work  model  is  a  simplification  of  the  process  by 
which  projects  are  won  and  completed  by  an  enterprise.  The  model  rep¬ 
resents  a  single  queue  with  a  queue  length  in  dollars  equal  to  the 
bonding  capacity  established  by  the  company's  surety.  Assume,  for  ex¬ 
ample,  that  a  company's  current  backlog  of  work  is  $300,000.  The  com¬ 
pany  has  just  been  awarded  three  contracts  bid  at  $100,000  each. 
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Figure  3.3  reflects  the  loading  of  the  work  capacity  queue  to  $600,000. 
If  the  company  desires  more  work,  the  project  size  that  may  be  consid¬ 
ered  must  be  bid  at  $50,000  or  less  due  to  bonding  constraints.  In 
this  situation,  project  size  (estimated  or  actual  cost)  would  be  a  fac¬ 
tor  to  consider  when  determining  which  project  or  projects  will  be  bid 
next. 

Assume  that  a  month  passes  and  no  projects  are  bid  and  that  the 
contractor  completes  $70,000  of  work  during  the  month.  Figure  3.4  re¬ 
flects  this  change  in  the  backlog  of  work.  The  contractor  may  now  con¬ 
sider  bidding  projects  up  to  $120,000  if  the  contractor  wishes  to  main¬ 
tain  a  backlog  that  approaches  the  firm's  bonding  capacity,  and  may  now 
be  more  selective  in  determining  which  projects  will  be  bid. 

Figure  3.5  shows  a  situation  that  is  slightly  more  complex  than  the 
two  cases  presented  above.  Assume  that  a  contractor's  current  backlog 
of  work  is  $300,000  with  a  bonding  limit  of  $650,000.  The  contractor  is 
aware  of  eight  projects  to  be  let  in  the  near  future:  three  at  $50,000, 
two  at  $100,000,  two  at  $200,000  and  one  at  $300,000.  The  contractor 
may  elect  to  bid  one  of  the  $50,000  projects  and  the  $300,000  project 
(Case  A  in  Figure  8),  or  all  three  $50,000  projects  and  one  $100,000 
project  (Case  B  in  Figure  8),  and  so  on  for  any  combination  of  projects 
less  than  $350,000.  The  question  facing  the  contractor  is:  What  proj¬ 
ect  or  combination  of  projects  should  I  bid  to  maximize  my  net  profits? 

For  each  class  of  work  that  a  construction  company  performs,  net 
profits  are  influenced  by  the  level  of  markup  and  costs  of  estimating 
and  overhead.  For  the  cases  presented  in  Figure  3.5,  the  contractor 
may  be  able  to  estimate  and  perform  $50,000  and  $100,000  projects  more 
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FIGURE  3.3  —  LOADING  THE  BACKLOG  OF  WORK 
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FIGURE  3.4  —  WORKING  OUT  OF  BACKLOG 
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FIGURE  3.5  —  LOADING  A  COMBINATION  OF  PROJECT  SIZES 
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efficiently  than  the  larger  jobs.  In  such  a  case,  the  contractor  might 
first  bid  the  smaller  jobs  before  considering  the  larger  jobs. 

Construction  markets  vary  greatly  with  the  type  of  work  performed, 
the  level  of  competition,  etc.  Markets  may  exist  where  the  variance  of 
project  size  is  relatively  small  and  contractors  competing  in  these 
markets  need  only  be  efficient  over  a  small  range  of  project  sizes  to 
remain  competitive.  These  contractors  may  never  have  to  decide  whether 
to  bid  five  small  projects  or  one  large  one.  Other  markets  may  exist 
where  a  contractor  can  perform  work  within  a  wide  variation  of  project 
sizes.  Within  these  markets,  contractors  need  to  understand  the  Impact 
that  project  size  may  have  on  the  objective  of  maximizing  net  profits 
for  a  given  operation. 

3.2.1  Review  of  the  Literature  and  Current  Research 

Several  researchers  have  recognized  that  project  size  may  influence 
a  bidding  strategy  designed  to  maximize  net  profits.  The  writer  shall 
briefly  present  only  the  works  of  Larew  (14)  and  Grieve  (10)  since 
these  works  represent  the  state-of-the-art  in  this  area  of  research. 

Larew  found  in  his  study  of  a  general  contracting  firm  that  opti¬ 
mum  markup  decreases  as  project  size  increases  (14:27)  and  that  a  mini¬ 
mum  project  size  may  be  identified  based  on  the  costs  of  estimating  and 
overhead  expressed  as  a  function  of  project  size  (14:222).  At  the  min¬ 
imum  project  size,  the  maximum  expected  net  income  is  zero,  and  the 
contractor  can  expect  to  do  no  better  than  breakeven  (14:222).  The 
joint  response  surface  of  expected  profits,  shown  in  Figure  3.6,  was 
developed  for  the  operation  studied  (14:28),  and  the  surface  suggests 
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FIGURE  3.6  —  EXPECTED  NET  PROFITS  RESPONSE  SURFACE  (RIDGE) 


that  the  company  should  always  give  priority  to  estimating  and  bidding 
large  opportunities. 

Grieve  has  further  developed  the  work  of  Larew  in  the  area  of  ex¬ 
pected  profits  response  surfaces.  Grieve  found  that  the  costs  of  esti¬ 
mating  and  overhead  and  the  bid/ get  ratio  influence  the  shape  of  the 
response  surface.  The  ratio  may  be  defined  as  "the  average  number  of 
dollars  (cost)  that  must  be  bid  to  win  one  dollar  (cost)  at  a  given 
markup"  and  the  ratio  is  equal  to  the  reciprocal  of  the  probability  of 
winning  (14:200).  For  certain  conditions,  the  response  surface  may 
have  the  shape  of  a  mountain,  as  shown  in  Figure  3.7,  and  an  optimum 
project  size  may  be  identified  (10).  The  contractor  with  this  response 
surface  should  give  priority  to  estimating  and  bidding  projects  as 
close  to  this  optimum  project  size  as  possible  to  maximize  expected  net 
profits  in  this  market. 

3.2.2  The  Need  for  Research 

The  studies  of  Larew  and  Grieve  suggest  that  project  size  is  an 
important  variable  to  consider  in  the  development  of  a  business  strate¬ 
gy.  It  is  believed  that  the  backlog  of  work  model  may  provide  addi¬ 
tional  insight  into  the  influence  of  project  size  on  net  prof¬ 
its.  The  following  scenario  is  presented  to  demonstrate  how  the  back¬ 
log  model  may  be  used  in  this  study.  Figure  3.8  shows  the  backlog  of 
work  relationship  for  a  given  company  operation  where  K  =  0.002  and 
C  =  1.5.  (The  reader  is  reminded  that  the  backlog  curve  is  an  expres¬ 
sion  of  the  relationship  between  W  and  U  and  that  the  mean  work  com¬ 
pletion  rate  is  constrained  by  the  availability  of  working  capital  for 
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field  operations).  In  Case  A,  the  contractor  may  operate  efficiently 
over  backlogs  that  range  from  A'  to  A"  and  the  work  completion  rate  for 
this  enterprise  shall  be  called  "Low."  Case  B  shows  the  same  operation 
but  a  greater  amount  of  working  capital  is  available  for  field  opera¬ 
tions  and  the  work  completion  rate  is  "High."  Without  changing  the 
backlog  of  work  relationship  (information  system  or  personnel  factors 
are  constant),  the  contractor  may  operate  efficiently  over  backlogs 
that  range  for  B'  to  B",  but  the  contractor  does  not  operate  efficient¬ 
ly  at  backlogs  from  B"  to  the  bonding  capacity.  Although  Case  B  repre¬ 
sents  an  operation  with  a  higher  level  of  capitalization,  the  range  of 
backlog  for  efficient  operations  has  decreased.  This  suggests  that  the 
company's  information  system  and  personnel  are  unable  to  cope  with  the 
increased  level  of  activity  at  any  backlog  that  exceeds  B".  It  also 
suggests  that  project  size  may  become  a  critical  factor  to  consider  in 
the  bidding  strategy.  Neglecting  the  constraints  imposed  by  the  com¬ 
pany's  surety  on  project  size,  the  maximum  project  size  that  the  com¬ 
pany  may  consider  in  Case  A  must  be  less  than  the  difference  between  A' 
and  A"  and,  in  Case  B,  less  than  the  difference  between  B'  and  B"  if 
the  company  wishes  to  operate  efficiently  within  the  constraints  im¬ 
posed  by  the  backlog  of  work  curve.  This  scenario  suggests  that  the 
backlog  of  work  model  may  provide  some  insight  into  the  impact  of  proj¬ 
ect  size  on  net  profits  when  incorporated  into  a  bidding  strategy. 

3.3  Working  Capital  and  Bonding  Capacity 

Figure  2.1  previously  showed  that  the  backlog  of  work  curve  for  a 
given  company  operation  is  constrained  in  all  directions.  The  mean 
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work  completion  rate  and  the  bonding  capacity  are  related  to  the  degree 
that  working  capital  is  a  primary  determinant  of  these  constraints. 

The  backlog  of  work  model  suggests  that  the  construction  company's  fi¬ 
nancial  makeup  is  an  important  consideration  in  the  planning  of  con¬ 
struction  operations. 

The  apparent  mismanagement  of  financial  resources  is  a  major  prob¬ 
lem  in  the  construction  industry  today.  Table  3.1  outlines  the  primary 
reasons  for  construction  company  failures  and  suggests  that  the  lack  of 
working  capital  is  the  greatest  single  cause  of  failures  in  the  United 
States  (1:310).  Antil  states  that  "it  is  well  known  that  the  (most 
common)  cause  of  financial  failure  is  too  much  work  for  the  available 
capital:  funds  become  so  widely  and  thinly  spread  that  a  single  losing 
project  can  mean  disaster"  (1:222).  Bonny  and  Frein  note  that  "surety 
statistics  indicate  that  'overexpansion , '  i.e.  taking  on  more  work  than 
a  contractor's  working  capital  can  handle,  probably  is  the  major  cause 
of  failure  in  the  building  field"  (5:82).  Another  related  criticism  of 
the  construction  industry  is  that  contractors  are  typically  undercapi¬ 
talized  (12:165,  28:52).  Undercapitalization  suggests  that  "construc¬ 
tion  firms  show  (low)  ratios  of  fixed  capital  to  total  assets"  (28:52) 
and  that  suppliers,  bankers  and  sureties  extend  credit  or  bonding  be¬ 
yond  the  worthiness  of  the  organization  (12:165,  33:248).  These  vari¬ 
ants  of  the  lack  of  working  capital  are  presented  only  to  suggest  that 
bankers,  suppliers,  sureties,  owners  and  other  parties  in  the  construc¬ 
tion  process  are  partially  responsible  for  low  profits  and  failures  in 
the  industry.  There  is  a  need  to  examine  working  capital  management 
from  the  perspectives  of  each  of  the  above  parties. 


TABLE  3.1  —  REASONS  FOR  CONSTRUCTION 
COMPANY  FAILURES  (1:310) 


Cause  of  Failure 

Percentage  of  Total 
Construction  Failures 

Australia 

USA 

Lack  of  working  capital 

25 

33 

Low  estimating 

23 

24 

Inadequate  cost  and  accounting 
records 

20 

21 

Managerial  inexperience  and 
i ncompetence 

14 

20 

Reckless  trading 

9 

? 

Incompetent  site  supervision 

7 

? 

Other  reasons 

2 

2 

100 

100 
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3.3.1  The  Operating  Capital  Constraint* 

The  work  completed  by  an  enterprise  in  any  month  is  limited  by  a 
wide  variety  of  factors,  such  as,  the  availability  of  skilled  labor, 
the  adequacy  of  owned  or  rental  equipment,  the  availability  of  suitable 
work  and  the  amount  of  working  capital  available  to  finance  construc¬ 
tion  activities.  Discussion  in  this  thesis  is  limited  to  financial 
considerations  and  the  impact  of  working  capital  on  the  backlog  of  work 
curve.  Working  capital  may  be  defined  as  the  "excess  of  total  current 
assets  over  total  current  liabilities"  (33:241)  and  is  commonly  referred 
to  as  the  contractor's  net  quick  worth  (5:86).  Table  3.2  lists  current 
assets  and  current  liabilities  that  are  usually  considered  when  deter¬ 
mining  a  contractor's  net  quick  worth  (5:86).  If  one  considers  finan¬ 
cial  structure  to  be  the  heart  of  the  construction  company,  working 
capital  may  be  considered  the  beat  that  is  required  to  "provide  for  the 
day-to-day  expenditures,  such  as  payroll,  purchases,  the  payment  of 
accrued  taxes  and  expenses,  etc."  (17:78). 

Larew  states  that  the  work  completed  by  an  enterprise  in  any  month 
may  be  limited  by  the  working  capital  allocated  to  field  operations  in 
accordance  with  the  work  completion  rate  function: 

W  «  L°(l  +  ip/ie)_1  (3.D 

where,  W  =  Work  completed  during  the  month  in  thousands  of  dollars, 
i  =  The  interval  between  periodic  billings  in  weeks, 

*  Unless  otherwise  noted,  the  material  in  this  section  is  from  the 
work  of  Larew  (14) . 


TABLE  3.2  —  DETERMINING  NET  QUICK  WORTH 
(5:86) 


Current  Assets 

Current  Liabilities 

Cash  available  for  field 

All  accounts  payable  due 

operations 

suppliers  and  subcon- 

Accounts  receivable  from 

tractors 

completed  contracts 

Full  or  parital  notes 

Earned  estimates  on  uncom- 

payable  within  one  year 

plef.ed  contracts,  to 

Notes  secured  by  chattel 

include  retainages 

mortgage  on  equipment 

Other  valid  and  collectible 

Balance  due  on  equipment 

accounts  receivable 

within  one  year 

Notes  receivable  if  due 

Accrued  expenditures  for 

wi thin  one  year 

payroll,  insurance. 

Certified  checks  deposited 
with  bids 

employee  withholds  and 
the  like 

Corporate  stocks  of  quality 

Social  security  and  income 
tax  withholds  due 

companies 

Municipal  and  federal  bonds 

Value  of  materials  on  hand 

Notes  due  officers,  part¬ 
ners,  stockholders  or 
other  parties 

purchased  for  use  on 
current  contracts 

Cash  surrender  value  of 

life  insurance 

MiscelUfleous  investment 

assets 

34 


0  =  Working  capital  allocated  to  field  operations  in  thou¬ 
sands  of  dollars  (operating  capital),  and, 

L  =  Working  capital  leverage. 

The  distinction  between  operating  capital,  0,  and  working  capital  is  an 
important  one,  and  the  ratio  of  operating  capital  to  working  capital* 
may  provide  some  insight  into  the  financial  health  of  an  enterprise. 

This  ratio  will  range  from  0  to  1 ,  but,  since  the  ratio  is  not  discussed 
in  the  literature,  a  general  rule  of  thumb  for  favorable  ratios  does  not 
exist.  The  favorable  ranges  of  other  financial  ratios  (33:241)  and  the 
recognized  need  to  maintain  a  high  level  of  liquidity  (17:78)  suggest 
that  a  favorable  ratio  of  operating  capital  to  working  capital  would 
range  between,  say,  0.8  to  1  and  1  to  1 .  One  may  consider  this  ratio 
as  a  measure  of  liquidity.  The  most  common  measure  of  liquidity  is  the 
Acid  Test:  cash  and  receivables  divided  by  current  liabilities.  The 
contractor's  banker  and  surety  normally  consider  a  ratio  of  at  least  1 
to  1  to  indicate  a  healthy  financial  position  (33:241  ).  The  primary 
drawback  of  the  Acid  Test  is  that  the  test  implicitly  assumes  that 
liquid  assets  will  be  used  to  support  field  activities;  therefore,  the 
operating  to  working  capital  ratio  may  be  more  indicative  of  the  com- 
pany's  actual  financial  stability.  Improvement  of  this  ratio  is  one 
way  to  increase  the  mean  monthly  work  completion  rate.  The  contractor 
with  an  operating  to  working  capital  ratio  of,  say,  0.2  to  1  has 


*The  operating  capital  to  working  capital  ratio  is  not  a  common 
financial  ratio.  The  common  financial  ratios  that  a  banker  or  surety 
will  examine  may  be  found  in  references  17  and  33. 


relatively  little  capital  available  to  finance  field  activities.  A 
poor  ratio  such  as  this  may  be  the  result  of  many  financial  ailments: 
failure  to  collect  receivables  when  due,  an  overstocked  inventory,  a 
poor  credit  rating  (unable  to  borrow  against  short-term  or  long-term 
assets),  etc.  Each  of  these  ailments  would  reduce  the  liquidity  of 
working  capital  and  lower  the  amount  of  capital  available  for  field 
operations.  A  poor  credit  rating  takes  on  particularly  significant  im¬ 
portance  in  the  construction  environment:  the  contractor  suffering 
from  a  poor  credit  rating  is  facing  failure  because  credit  is  the 
financial  foundation  of  the  entire  construction  industry  (33:237). 

Improvement  of  the  operating  to  working  capital  ratio  is  only  one 
method  of  increasing  the  mean  work  completion  rate,  W.  The  parameter 
ip  may  be  improved  (decreased)  by  obtaining  a  faster  turnover  in  re¬ 
ceivables  and  inventories,  and  the  parameter  i  may  be  improved  (in¬ 
creased)  by  extending  payment  of  current  liabilities.  Leverage 
may  be  improved  by  subcontracting  work  at  a  cost  less  than  could  be 
performed  by  in-house  forces  or  adding  a  markup  to  billings  that  ex¬ 
ceeds  the  retained  percentage.  Leverage  is  decreased,  for  example, 
when  the  owner  does  not  pay  for  prepaid  insurance,  bonds,  delivered 
materials  and  preparatory  work.  The  reader  may  note  that  strategies 
aimed  at  improving  one  variable  in  the  work  completion  rate  function 
are  overlapping  and  a  change  of  modus  operandi  may  improve  one  or  sev- 

9 

t  eral  variables.  The  strategies  employed  by  the  contractor  to  improve 

the  operating  to  working  capital  ratio,  leverage,  ip  and  ig  are  pre¬ 
sented  only  to  introduce  the  reader  to  the  work  completion  rate  func¬ 
tion  and  are  outside  the  scope  of  this  thesis.  The  work  completion 
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rate  function  is  important  because  it  establishes  the  mean  work  comple¬ 
tion  rate  that  constrains  the  backlog  of  work  curve.  The  operating  to 
working  capital  ratio  and  all  other  commonly  used  financial  ratios  pro¬ 
vide  insight  into  the  financial  stability  of  a  construction  enterprise. 
It  is  emphasized,  however,  that  these  ratios  provide,  at  best,  rules  of 
thumb,  and  the  unique  character  of  the  individual  construction  company 
will  determine  the  relative  degree  of  financial  success  that  the  com¬ 
pany  will  enjoy. 

3.3.2  The  Bonding  Constraint 

Benjamin  noted  in  his  research  and  development  of  a  competitive 
bidding  strategy  that,  while  he  did  not  consider  it,  a  contractor's 
bonding  capacity  is  an  important  constraint  to  consider  in  the  total 
business  strategy  (3:92).  Bonding  capacity  "refers  to  the  maximum 
value  of  uncompleted  work  that  the  surety  will  allow  the  contractor  to 
undertake  at  any  one  time"  (7:125).  Not  all  construction  contracts  re¬ 
quire  a  surety  or  performance  bond  equivalent  to  100%  of  the  contract 
amount,  but  there  is  a  growing  tendency  for  owners  to  specify  that  the 
general  contractor  must  be  fully  bonded  (6:83).  The  bonding  concept  in 
construction  evolved  from  the  owner's  desire  to  minimize  risk  when 
awarding  contracts.  By  requiring  a  performance  bond,  the  owner  per¬ 
forms  a  preliminary  screening  of  contractors  that  will  be  permitted  to 
bid  the  work  (6:83).  The  contractor  who  is  unable  to  obtain  a  bond 
from  a  surety  company  may  be  classified  by  the  owner  as  a  poor  risk  and 
is  eliminated  from  consideration  for  a  contract.  The  bond  also  pro¬ 
vides  the  owner  with  "an  insurance  policy  .  .  .  that  guarantees  that 


(the)  project  will  be  completed  for  the  bid  price  and  no  more,  exclud¬ 
ing  change  orders  or  additional  work"  (6:83).  A  common  belief  is  that 
bonding  requirements  serve  primarily  the  owner  and  that  the  construction 
contractor  receives  very  little  from  this  requirement  (6:68).  On  the 
surface,  this  may  seem  true,  but  bonding  requi reinents  serve  the  con¬ 
tractor  by  constraining  his  backlog  of  work  to  a  limit  that  is  consid¬ 
ered  within  his  financial  capability.  There  is  little  doubt  that  there 
is  a  limit  to  "the  number  of  jobs  which  car-  be  estimated,  obtained  and 
properly  handled"  (29:63)  by  any  contractor. 

The  primary  reason  for  examining  bonding  in  this  thesis  is  to  ex¬ 
plore  how  a  bonding  limit  is  or  should  be  established  by  the  surety  and 
not  for  what  bonding  accomplishes.  Table  3.3  outlines  items  that  the 
surety  will  examine  when  setting  a  contractor's  bonding  capacity. 

While  all  of  these  factors  are  important,  the  principal  gauge  that  will 
determine  the  bonding  capacity  allowed  by  the  surety  is  the  contractor's 
working  capital  (5:85).  Bonding  capacity  is  normally  expressed  as  an 
integer  times  working  capital,  and,  depending  on  the  reference,  surety, 
state,  type  or  work,  etc.,  bonding  capacity  usually  ranges  from  10  to 
20  times  the  working  capital  (7:125).  Using  this  simplified  rule  of 
establishing  the  bonding  capacity  solely  by  the  working  capital,  the 
bonding  constraint  may  easily  be  incorporated  in  modeling  with  the. back¬ 
log  of  work  curve.  Figure  3.9  shows  a  typical  backlog  of  work  curve  to 
include  a  working  capital  axis  and  iso-bonding  lines.  The  scales  for 
the  work  completion  rate  and  working  capital  are  determined  by  the  work 
completion  rate  function.  These  scales  will  be  identical  if,  for  exam¬ 
ple,  operating  capital  is  equivalent  to  working  capital,  leverage  equals 
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TABLE  3.3  --  DETERMINANTS  OF  BONDING  CAPACITY 


Determinants  of  Bonding  Capacity 

Complete  balanced  financial  statement 

Company  organization  and  history 

Qual i f ications  and  experience  of  key  personnel 

Type  and  success  of  past  work 

Inventory  of  eauipment 

Inventory  of  materials  (19:28-7) 

Uncompleted  work  on  hand  --  bonded  and  unbonded, 
including  work  bid  but  not  yet  awarded 

Availability  of  credit 

Spread  between  contractor's  winning  bid  and  the 
next  lowest  bidder 

Contract  size  --  normally  maximum  size  to  be  limited 
to  one  half  of  the  bonding  capacity 

Terms  of  payment  specified  in  contract 

Amount  of  work  subcontracted  and  qualifications  and 
bonding  of  subcontractors  (7:124) 

Other  conditions  in  the  specific  contract  for  which 
bond  is  requested  (6:92) 

Adequacy  of  accounting  sus.tem  (5:85) 

Amount  of  working  capital  (5:86,  7:124) 


1.5,  ig  equals  4  weeks  and  ip  equals  2  weeks.  Iso-bonding  lines  are 
established  by  dividing  levels  of  the  backlog  of  work  by  the  rate  at 
which  bonding  capacity  is  set  by  the  working  capital.  Figure  3.9  shows 
a  working  capital  level  (point  A)  and  the  corresponding  bonding  capacity 
(point  B)  using  the  iso-bonding  line  where  bonding  is  set  at  10  times 
working  capital. 

3.3.3  The  Need  for  Research 

The  introductory  discussions  of  the  mean  work  completion  rate  and 
bonding  constraints  are  presented  to  aid  the  reader  in  understanding 
how  the  backlog  of  work  model  may  be  used  to  explore  the  concepts  of 
capitalization  and  bonding  capacity.  It  would  of  course  be 
desirable  to  know  what  level  of  capitalization  best  allows  a  contractor 
to  maximize  profits  for  a  given  operation  in  a  given  class  of  work. 
Figure  3.10  shows  a  backlog  of  work  curve  with  three  levels  of  the  mean 
work  completion  rate:  HIGH,  MEDIUM  and  LOW.  If  it  is  assumed  for  the 
relationship,  W  =  L0(1  +  ip/ig)'1.  that  leverage  equals  1.5,  operating 
capital  equals  working  capital,  i  equals  2  weeks  and  ig  equals  4  weeks, 
then  the  work  completed  each  month  is  equivalent  to  the  level  of  working 
capital,  and  the  bonding  capacity  is  set,  for  example,  at  10  times  the 
work  completion  rate.  Figure  3.10  immediately  gives  rise  to  two  ques¬ 
tions.  First,  what  level  of  capitalization  is  optimal’  for  this  opera¬ 
tion?  Second,  what  is  the  appropriate  bonding  capacity  with  respect  to 
any  given  level  of  capitalization? 

In  Figure  3.10  it  appears  that  the  contractor  is  overcapitalized 
at  the  HIGH  level  because  operations  become  inefficient  at  backlogs  ex- 
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ceeding  point  H.  The  bonding  capacity  for  this  level  (HBC)  is  set  by 
the  10-times  iso-bonding  line.  At  the  LOW  level,  the  contractor  is  rel¬ 
atively  unaffected  by  the  backlog  of  work  curve  and  operates  efficiently 
at  backlogs  up  to  the  established  bonding  capacity.  The  contractor  in 
this  case  has  the  potential  to  increase  capitalization  without  incurring 
inefficiencies  in  the  work  completion  rate,  and  one  may  consider  the 
contractor  to  be  undercapitalized*  at  this  point.  There  must  exist  some 
level  between  HIGH  and  LOW  that  is  optimum  for  the  given  company  opera¬ 
tion.  The  MEDIUM  level  is  presented  in  Figure  3.10  to  suggest  that  this 
optimum  level  of  capitalization  exists  somewhere  close  to  the  intersec¬ 
tion  of  the  backlog  of  work  curve  and  the  iso-bonding  line. 

The  above  discussion  also  touches  on  the  second  question.  It  would 
initially  appear  that  the  bonding  capacity  at  the  HIGH  level  has  not 
considered  the  contractor's  inefficiency  at  high  levels  of  backlog  and 
has  been  improperly  set.  The  contractor  could  not  remain  at  this  level 
of  capitalization  without  unlimited  financial  resources  unless  con¬ 
straint  is  exercised  from  exceeding  backlogs  around  point  H.  Since  vir¬ 
tually  no  contractor  has  unlimited  funding,  the  contractor  must  exercise 
constraint  in  bidding  work  or  divert  capital  for  the  improvement  of  the 
information  system  or  for  the  hiring  of  additional  supervisory  person¬ 
nel,  i.e.  improve  the  backlog  of  work  curve.  If  action  is  not  taken  to 
avoid  inefficiency  at  high  levels  of  backlog,  the  level  of  capitaliza- 

tion  will  drop  as  costs  exceed  estimates  (assuming  true  cost  equal 

*The  terms  "overcapitalized"  and  "undercapitalized"  are  used  here 
to  denote  levels  of  capitalization  relative  to  some  optimum  level. 

These  terms  are  not  congruent  with  levels  of  capitalization  with  respect 
to  the  potential  work  completion  rate  as  described  by  the  backlog  of 
work  curve. 
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URE  3.10  --  LEVELS  OF  CAPITALIZATION  AND  BONDING  CAPACITY 
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estimated  costs) . 

The  above  examples  show  that  there  is  a  need  to  examine  financial 
strategies  and  bonding  capacity  by  modeling  with  the  backlog  of  work 
curve.  The  insight  gained  from  such  modeling  may  be  beneficial  to  con¬ 
tractors,  sureties,  bankers  and  owners. 

3.4  Summary 

The  construction  industry  will  face  many  challanges  in  the  near 
future  and  the  ability  of  industry  personnel  and  researchers  to  con¬ 
front  these  challenges  will  have  a  great  impact  on  the  survi vabi 1 i ty  of 
the  individual  construction  enterprise  and  the  stability  of  the  United 
States  economy.  There  is  a  recognized  need  to  develop  management  tech¬ 
niques  particularly  suited  for  a  complex  and  somewhat  unique  industry. 
Any  technique  or  model  that  may  provide  insight  to  the  mechanics  of  the 
individual  firm  or  industry  practices,  regardless  of  the  degree  of  sim¬ 
plicity,  creates  the  potential  for  improved  operations,  lower  failures, 
higher  profits  and  a  generally  healthier  industry. 

The  backlog  of  work  model  presents  a  fresh  approach  for  examining 
important  issues  in  the  construction  industry.  This  model  appears  to 
be  adaptable  to  a  wide  range  of  studies:  the  impact  of  the  backlog  of 
work  on  a  competitive  bidding  strategy,  the  impact  of  project  size  on 
profitability,  and  optimum  capitalization  and  bonding  capacity.  Little 
or  no  research  effort  has  been  expended  on  the  above  topics  and  re¬ 
search  that  has  been  accomplished  is  superficial  at  best,  with  the  ex¬ 
ception  of  current  research  on  project  size.  The  next  chapter  outlines 
the  experiments  performed  by  the  writer  to  examine  each  of  the  above 


issues. 
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CHAPTER  4 

EXPERIMENTS  WITH  THE  BACKLOG  MODEL 


The  purpose  of  this  chapter  is  to  introduce  the  reader  to  the  re¬ 
search  methodology  and  experiments  performed  by  the  writer.  The  first 
two  sections  briefly  discuss  the  computer  programs  used  during  the 
course  of  research:  BACKLOG,  MAG,  and  N-BIDDER.  The  third  section 
summarizes  the  assumptions  that  are  applicable  to  all  experiments.  The 
fourth  section  summarizes  insight  gained  from  initial  experimentation 
and  outlines  the  order  in  which  experiments  and  studies  are  performed. 
The  last  three  sections  discuss  the  purpose  of  each  experiment  and  in¬ 
puts  for  the  BACKLOG  program. 

4 . 1  The  BACKLOG  Program 

The  BACKLOG  program  was  developed  by  the  writer  to  perform  all 
necessary  experimentation.  The  program  allows  the  user  to  compare  two 
competitive  bidding  policies  over  some  specified  length  of  time. 

The  primary  basis  for  comparison  in  this  thesis  is  total  net  profits  at 
the  end  of  the  specified  length  of  time;  however,  other  bases  may  be 
developed  and  utilized.  The  first  bidding  policy,  the  M*  bidding  policy 
developed  by  Larew  (14),  does  not  account  for  variations  in  the  work 
completion  rate  with  respect  to  variations  in  the  backlog  of  work. 

While  the  relationship  between  the  work  completion  rate  and  the  backlog 
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of  work  applies,  the  contractor  is  unaware  of  this  relationship.  This 
concept  is  presented  in  Figures  4.1  and  4.2.  The  wide  horizontal  line 
in  Figure  4.1  shows  the  assumed  work  completion  rate  for  the  M*  bidding 
policy  for  a  specific  level  of  capitalization.  Figure  4.2  shows  the 
actual  work  completion  rate  for  the  operation  regardless  of  the  bidding 
policy  employed.  All  bidding  strategies  presented  in  the  literature 
that  are  applicable  to  the  construction  environment  do  not  account  for 
such  variables  as  the  work  completion  rate,  the  backlog  of  work,  the 
level  of  capitalization,  etc.  The  second  bidding  policy,  the  M**  bid¬ 
ding  policy,  modifies  the  M*  policy  in  some  manner  specified  by  the 
user.  These  two  bidding  strategies  are  briefly  discussed  in  Appendix 
A.  Documentation  for  the  BACKLOG  program  is  presented  in  Appendices  B, 
C,  and  D.  Sample  computer  runs  are  presented  in  Appendix  G. 

4 . 2  N-BIDDER  and  MAG  Computer  Programs 

Prior  to  using  the  BACKLOG  program,  it  is  necessary  to  establish 
all  user  specified  information.  The  inputs  required  for  the  program 
are  outlined  in  Appendix  B,  and  they  may  be  determined  through  analysis 
of  actual  market  conditions  or  they  may  be  contrived.  All  of  the  in¬ 
puts  for  experiments  in  this  thesis  are  contrived,  but  they  are  repre¬ 
sentative  of  construction  data  studied  at  The  Ohio  State  University. 

Two  computer  programs  are  used  to  determine  some  of  the  inputs  for  the 
BACKLOG  program:  N-BIDDER  and  MAG. 

N-BIDDER  is  a  robust  computer  simulation  program  that  was  developed 
by  Frost  (9)  for  the  sophisticated  simulation  of  competitive  bidding  en¬ 
vironments.  The  N-BIDDER  program  is  used  in  this  thesis  to  generate  a 
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BACKLOG 


FIGURE  4.1  --  ASSUMED  WORK  COMPLETION  USING  M* 


FIGURE  4.2  --  ACTUAL  WORK  COMPLETION  RATE  REGARDLESS  OF  BIDDING 
POLICY 
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base  of  past  data  which  consists  of  a  contractor's  cost  estimate  and 
the  perceived  markup  of  the  winning  bid  for  each  project  in  a  competi¬ 
tive  market.  This  data  is  analyzed  using  the  MAG  (Models  and  Goodness- 
of-Fit)  program  that  was  developed  by  Ludolph  (18),  to  include  the 
MAIN3*  subroutine  required  to  determine  the  contractor's  M*  bidding 
policy.  Recent  modifications  to  the  MAIN3  subroutine  by  Grieve  (10) 
allow  the  user  to  specify  functions  for  the  costs  of  estimating  and 
overhead  that  are  used  in  determining  M*  and  expected  net  profits.  MAG 
provides  two  equations  that  are  required  to  simulate  a  competitive  mar¬ 
ket  environment.  First,  the  contractor's  perception  of  the  low  bidder's 
pricing  strategy  is  established.  The  equation  representing  this  per¬ 
ception  contains  both  deterministic  and  random  variable  terms  and  is  of 

1/ 

the  form,  M  =  A  +  CX  +  R(p).  Second,  using  this  perception  and  assum¬ 
ing  that  the  low  bidder  will  behave  in  the  future  as  he  has  in  the  past, 
an  M*  bidding  policy  is  established  based  on  the  objective  of  maximizing 
expected  net  profits.  The  equation  representing  this  policy  contains 

K 

only  deterministic  terms  and  is  of  the  form  M*  =  A  +  CX  .  These  two 
equations  are  important  inputs  required  by  the  BACKLOG  program,  especi¬ 
ally  if  two  competitive  bidding  policies  are  to  be  compared  on  the  basis 
of  net  profi  ts  . 

4.3  Primary  Assumptions 

The  BACKLOG  program  represents  an  initial  attempt  to  integrate 
the  backlog  of  work  model  into  the  total  construction  company  environ¬ 
ment.  Due  to  both  internal  and  external  factors,  this  environment  is 
★ 

MAIN3  is  not  included  in  reference  18. 
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extremely  complex,  and  a  great  number  of  assumptions  must  be  made  to 
permit  modeling  at  even  a  moderate  level  of  sophistication.  Unless 
otherwise  noted,  the  following  assumptions  are  applicable  to  all  experi¬ 
ments  in  this  thesis: 

1.  The  monthly  work  completion  rate  is  not  a  random  variable,  as 
shown  in  Figure  2.1,  and  the  mean  monthly  work  completion  rate  is  ade¬ 
quate  for  initial  modeling  and  simulation.  This  assumption  is  made  for 
two  reasons.  First,  it  is  believed  that  the  backlog  of  work  model  may 
be  more  readily  studied  with  a  deterministic  work  completion  rate. 
Second,  typical  distributions  of  the  work  completion  rate  are  not  known 
due  to  the  lack  of  actual  construction  data. 

2.  The  contractor's  modus  operandi  remains  unchanged  during  the 
specified  time  period  for  each  experiment.  This  means,  for  example, 
that  no  additional  equipment  will  be  rented  and  that  the  labor  force 
does  not  change  as  the  backlog  of  work  changes. 

3.  The  estimated  labor  and  equipment  operating  costs  constitute 
50»  of  the  total  estimated  project  cost.  This  proportion  is  used  to 
determine  the  additional  costs  that  the  contactor  assumes  if  opera¬ 
tions  become  inefficient  due  to  the  constraints  of  the  backlog  of  work 
curve. 

4.  Projects  that  are  bid  and  won  are  immediately  loaded  into  the 
contractor's  backlog  of  work.  Since  the  BACKLOG  program  does  not  em¬ 
ploy  a  time  calendar,  one  may  perceive  that  all  projects  are  bid,  won 
and  started  on  the  first  day  of  each  month.  This  assumption  is  made  to 
simplify  the  BACKLOG  program  for  the  initial  experimentation  performed 
in  this  thesis. 
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5.  The  contractor  performs  work  equally  on  all  projects  in  the 
backlog  queue. 

6.  The  estimated  cost  of  a  project  equals  the  true  cost  if  ineffi¬ 
cient  operations  do  not  occur  at  high  or  low  backlogs  of  work  due  to 
constraints  of  the  backlog  of  work  curve. 

7.  All  experiments  in  this  thesis  are  run  for  a  single  market  en¬ 
vironment.  The  contractor's  M*  bid/get  ratio  is  approximately  equal  to 
3.  The  same  functions  for  the  contractor's  M*  markup,  the  competitor's 
markup,  the  cost  of  estimating  and  the  cost  of  overhead  are  used  in  all 
experiments . 

8.  The  market  contains  sufficient  bidding  opportunities  to  allow 
the  contractor  to  bid  projects  any  time  the  backlog  of  work  is  less 
than  the  bonding  capacity. 

9.  The  contractor's  only  objective  is  to  maximize  net  profits. 

10.  The  mean  work  completion  rate  is  a  measure  of  the  level  of 
capitalization,  and  these  terms  may  be  interchangeably  used  throughout 
this  thesis.  The  work  completion  rate  function  is  assumed  to  be,  W  = 
(1. 5)0(1  +  2/4) =  0;  therefore,  the  mean  work  completion  rate,  W,  is 
equivalent  to  the  operating  capital  available  for  field  operations,  0. 
Furthermore,  it  is  assumed  that  working  capital  and  operating  capital 
are  equal.  These  assumptions  are  made  primarily  because,  to  the  writ¬ 
er's  knowledge,  no  research  has  been  accomplished  that  examines  in  de¬ 
tail  leverage  in  the  construction  environment  or  that  distinguishes  be¬ 
tween  operating  and  working  capital.  The  literature  suggests  that  a 
highly  liquid  financial  position  is  desirable  in  the  construction  en¬ 
vironment  and  that  liquid  assets  are  used  primarily  for  financing  field 
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operations.  Thus,  the  assumption  that  operating  capital  equals  working 
capital  seems  to  be  one  that  at  least  bankers  and  sureties  would  desire. 

11.  Bonding  capacity  is  established  at  a  rate  of  10  times  the  mean 
work  completion  rate.  It  is  also  assumed  that  the  contractor's  surety  is 
satisfied  with  other  company  and  environmental  factors  that  may  influ¬ 
ence  the  bonding  capacity. 

12.  All  results  are  for  the  M*  bidding  policy  only. 

13.  The  contractor's  estimating  capacity  is  not  a  limiting  company 
variable.  It  is  assumed  that,  if  required,  the  contractor  may  hire 
qualified  estimating  personnel  in  the  local  labor  market. 

4.4  Initial  Experimentation 

Initial  experiments  using  the  BACKLOG  program  suggested  that  the 
three  areas  of  study  outlined  in  Chapter  3  should  be  addressed  in  the 
following  order: 

1.  WORKING  CAPITAL  AND  BONDING  CAPACITY  -  Can  the  model  be  used  to 
explore  organizational  financial  design?  Does  an  optimum  level  of  cap¬ 
italization  exist  for  an  operation  with  a  predetermined  bonding  capa¬ 
city?  Does  an  optimum  level  of  capitalization  exist  for  an  operation 
where  bonding  varies  with  the  level  of  capitalization?  Can  the  model 
be  used  to  determine  what  proportion  of  working  capital  should  be  bud¬ 
geted  to  field  operations? 

\  2.  PROJECT  SIZE  -  Can  the  model  be  used  to  explore  the  impact  of 

project  size  on  company  net  profits?  Does  a  maximum  project  size  exist 
for  a  given  operation  and  level  of  capitalization? 


51 


3.  COMPETITIVE  BIDDING  -  Should  the  optimum  markup  for  any  given 
project  size  be  modified  to  account  for  the  current  backlog  of  work? 

If  so,  when  should  markup  be  modified  and  by  how  much? 

4 . 5  Experiments  with  the  Level  of  Capitalization  and  Bonding  Capacity 

The  primary  purpose  of  the  first  block  of  experiments  is  to  ex¬ 
plore  the  impact  of  the  level  of  capitalization  on  company  net  profits. 
Because  bonding  capacity  is  highly  related  to  the  level  of  capitalization, 
a  secondary,  but  important,  purpose  is  to  gain  insight  into  how  the 
backlog  of  work  model  may  be  used  to  study  the  bonding  capacity. 

The  first  set  of  experiments  in  this  block  is  designed  to  explore 
the  impact  of  the  level  of  capitalization  on  a  given  company  operation 
with  a  predetermined  bonding  capacity.  Line  2320  in  the  BACKLOG  pro¬ 
gram  (see  Appendix  C)  must  be  changed  for  each  experiment  to  reflect 
the  desired  bonding  capacity  for  the  operation  studied.  Only  the  level 
of  capitalization  (the  variable  UMAX  in  the  BACKLOG  program)  is  varied 
in  each  experiment.  The  inputs  for  the  BACKLOG  program  for  these  ex¬ 
periments  are  outlined  in  Table  4.1,  and  the  results  are  reported  in 
Section  5.1.1. 

The  second  set  of  experiments  in  this  block  is  designed  to  ex¬ 
plore  the  impact  of  the  level  of  capitalization  on  a  given  company  op¬ 
eration  with  the  bonding  capacity  established  at  10  times  the  level  of 
capitalization.  Experiments  are  run  for  16  separate  company  operations: 
the  parameters  K  and  C  in  the  backlog  model  are  each  varied  at  4  levels. 
The  inputs  for  the  BACKLOG  program  for  these  experiments  are  outlined 
in  Table  4.2  and  the  results  are  reported  in  Section  5.1.2. 
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TABLF  4.1  --  BACKLOG  INPUTS  FOR  PREDETERMINED 
BONDING  CAPACITY  EXPERIMENTS 


Variable 

Value 

Variable 

Va  1  ue 

NEXPMT 

1 

DIST(4,6) 

0 

NSAMPL 

12 

D I  ST ( 4 ,7 ) 

0 

MMONTH 

61 

DI  ST (5,1) 

0 

MINJS 

0. 5000E+01 

DIST(5,2) 

0. 3000E+00 

MAXJS 

0. 7000E+03 

QIST(5,3) 

0. 7406E+00 

LABEQP 

0. 5000E+00 

DIST(5,4) 

0 

DI ST (1,1) 

0 

DI ST(5 , 5 ) 

0 

D I  ST ( 1 ,2) 

0 

DIST( 5 ,6) 

0 

DIST( 1 , 3) 

0 

D I  ST (5,7) 

0 

D I  ST ( 1 ,4) 

0.3500E+02 

DI ST (6,1) 

0 . 9944E-01 

DI ST ( 1  ,5) 

0.8333E+01 

DIST(6,2) 

0.6601E+00 

DI ST (1,6) 

0 

0IST(6,3) 

- . 361 2E+00 

BIST (1,7) 

0. 1800E+01 

DIST(6 ,4 )  ! 

0 

DIST(2,1) 

0 

D I  ST (6,5) 

0.541 5E-01 

DIST(2, 2) 

0 

DIST(6,6) 

0 . 2000E+00 

D I  ST (2,3) 

0 

DI ST (6,7) 

0 . 2600E+01 

D I  ST (2,4) 

0. 1 000E+03 

PRN0P1 

0 

DI ST (2,5) 

0. 1681E+04 

PRN0P2 

0 

D I  ST (2,6) 

- . 4500E+00 

EX0PT1 

1 

DrST(2,7) 

0 . 3200E+01 

EX0PT2 

0 

D I  ST (3,1) 

0.22R7E+00 

ISEED1 

22092503 

DIST(3,2) 

0 . 4246E+00 

ISEED2 

897712097 

DI ST( 3, 3) 

- . 31 67E+00 

ISEED4 

1417473372 

D I  ST (3,4) 

0 

ISEED5 

553645566 

D I  ST (3,5) 

0 

ISEED6 

755319619 

D I  ST (3,6) 

0 

RATBC 

0 

DIST( 3, 7) 

0 

RATMMA 

1000.0 

D I S  T  ( 4 , 1 ) 

0 

RATMMB 

-.0001 

D I  ST (4,2) 

0. 1 500E+00 

KB 

0 . 1 500E-02 

DIST(4,3) 

0 . 3750E+00 

CB 

0 . 1 500E+01 

DIST(4,4) 

0 

WMAX 

Varies 

D I S  T  ( 4 , 5 ) 

0 

OPTJS 

0 . 1 000E+03 

COMMENTS:  Experiments  are  run 

for 

bonding  capacities  of 

1600,  1800,  200C 

1,  2200,  and  2400 

(in  thousands  c 

)f  dol lars) . 

WMAX  was  changed 
below: 

1  for  each  sample 

i  n 

each  experiment  as  outlined 

If  B0NDCP=2400. 

then  WMAX=50 ,60 , 

70, 

80,90,100,120,130,140. 

If  B0NDCP=2200. 

then  WMAX=1 20 ,1 30 , 

.  .  .  ,210,220. 

If  B0NDCP=2000. 

then  WMAX= 120,1 30, 

.  .  .  ,210,220. 

If  B0NDCP=1800. 

then  WMAX= 1 70 , 1 80 , 

.  .  .  ,260,270. 

If  B0NDCP=1600. 

then  WMAX=200 ,210 , 

.  .  .  ,300,320. 
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TABLE  4.2  --  BACKLOG  INPUTS  FOR  VARIABLE  BONDING 
CAPACITY  EXPERIMENTS 


Variable 

Value 

Variable 

Value 

NEXPMT 

1 

DIST(4,6) 

0 

NSAMPL 

12 

DIST(4 , 7 ) 

0 

NMONTH 

61 

DIST(5,1 ) 

0 

MINJS 

0. 5000E+01 

DI  ST (5,2) 

0. 3000E+00 

MAXJS 

0. 7000E+03 

D I  ST (5,3) 

0 . 7406E+00 

LABEOP 

0. 5000E+00 

D I  ST (5,4) 

0 

DIST( 1 , 1 ) 

0 

D I  ST (5, 5) 

0 

DI ST (1.2) 

0 

D I  ST (5,6) 

0 

D I  ST  ( 1  ,3) 

0 

DI ST (5,7) 

0 

DIST(1 ,4) 

0.3500E+02 

D I  ST (6,1) 

0.9944E-01 

DI ST (1,5) 

0. 8333E+01 

D I  ST (6,2) 

0.6601E+00 

D I  ST ( 1 » 6 ) 

0 

DI  ST (6,3) 

- . 361 2E+00 

D I  ST (1,7) 

0 . 1 800E+01 

D I  ST (6.4) 

0 

D I  ST  (2,1) 

0 

D I  ST (6,5) 

0 . 541 5E-01 

D I  ST (2,2) 

0 

DIST(6 ,6 ) 

0 . 2000E+00 

DIST(2 , 3) 

0 

D I  ST (6,7) 

0 . 2600E+01 

D 1  ST (2,4) 

0 . 1 000E+03 

PR0N0P1 

0 

DI ST (2,5) 

0.1681E+04 

PRN0P2 

0 

DIST(2,6) 

- . 4500E+Q0 

EX0PT1 

1 

0IST(2 , 7 ) 

0. 3200E+01 

EX0PT2 

0 

UIST( 3, 1 ) 

0. 2287E+00 

ISEE01 

22092503 

IDS! (3, 2) 

0. 4246E+00 

ISEED2 

897712097 

DI ST (3,3) 

- . 31 67E+00 

ISEED4 

1417473372 

D I  ST (3.4) 

0 

ISEED5 

553645566 

DIST( 3, 5 ) 

0 

ISEED6 

755319619 

D I  ST (3,6) 

0 

RATBC 

10.0 

DIST(3,7) 

0 

RATMMA 

1000.0 

DIST(4, 1  ) 

0 

RATMMB 

-.0001 

DIST(4 ,2 ) 

0. 1 500E+00 

KB 

Varies 

DI ST (4,3) 

0. 3750E+00 

CB 

Varies 

D I ST ( 4  ,4) 

0 

UMAX 

Varies 

D I  ST (4, 5) 

0 

OPTJS 

0 . 1 000E+03 

COMMENTS :  E 

xperiments  are  run  for  4  levels 

of  KB  (.0015, 

.002,  .003, 

and  .004)  and  4 

evels  of  CB  ( .5 

,  1.0,  1.5,  and 

2.0).  WMAX 

is  varied  for  each  experiment  at 

7  to  12  levels. 

For  example, 

for  the  operation  with  K=.002  and  C=.5,  9 

samples  are 

run  with  IJMAX=40 

,50,  .  .  .  ,110, 

120. 
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Section  5.1.3  reports  the  results  of  a  study  of  the  impact  of 
changes  of  modus  operandi  and  the  level  of  capitalization.  This  study 
is  based  on  the  findings  from  the  above  experiments  and  examines  an 
actual  company  operation  that  has  undergone  changes  in  modus  operandi 
and  the  level  of  capitalization.  The  BACKLOG  program  is  not  used  in 
this  study. 

The  last  area  of  study  in  Section  5.1  examines  the  relationship 
between  working  capital  and  operating  capital  with  respect  to  the  level 
of  capitalization  and  the  bonding  capacity  for  a  given  operation.  It 
is  hoped  that  some  insight  may  be  gained  into  this  relationship  by 
studying  the  backlog  of  work  model .  The  results  of  this  study  are  re¬ 
ported  in  Section  5.1.4. 

4 .6  Experiments  with  Project  Size 

The  primary  purpose  of  this  second  block  of  experiments  is  to  ex¬ 
plore  the  impact  of  project  size  on  company  net  profits.  The  first  set 
of  experiments  is  designed  to  identify  a  maximum  project  size  that  a 
company  snould  bid  to  maximize  net  profits  for  a  given  operation.  The 
concept  of  a  maximum  project  size  evolved  from  initial  discussions  with 
Larew  and  graduate  students  and  from  the  writer's  preliminary  study  of 
the  backlog  of  work  model.  It  is  believed  that  a  maximum  project  size 
must  be  equal  to  or  less  than  the  range  of  backlog  for  efficient  opera¬ 
tions  for  a  given  operation  (measured  by  the  variable  MAXPRO  in  the 
BACKLOG  program).  To  determine  this  project  size  for  a  given  operation, 
the  project  size  to  be  bid  is  varied  at  a  given  level  of  capitalization, 
and  the  contractor  is  not  permitted  to  bid  work  that  would  result  in 
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inefficient  operations  at  high  levels  of  backlog.  The  inputs  for  the 
BACKLOG  program  for  these  experiments  are  outlined  in  Table  4.3,  and 
the  results  are  reported  in  Section  5.2.1. 

The  second  set  of  experiments  in  this  block  is  designed  to  deter¬ 
mine  the  impact  of  project  size  on  net  profits  at  and  around  the  opti¬ 
mum  level  of  capitalization.  Project  size  is  varied  in  each  experiment, 
and  9  separate  operations  with  4  levels  of  capitalization  are  studied. 
The  inputs  for  the  BACKLOG  program  for  these  experiments  are  outlined 
in  Table  4.4  and  the  results  are  reported  in  Section  5.2.2. 

The  last  area  of  study  in  this  block  attempts  to  integrate  the  con¬ 
cepts  of  Larew  and  Grieve  and  the  results  from  the  above  experiments. 

It  is  hoped  that  some  additional  insight  may  be  gained  by  examining  the 
impact  of  project  size  on  net  profits  over  the  entire  spectrum  of  proj¬ 
ect  sizes  available  for  bidding  consideration.  The  results  of  this 
study  are  presented  in  Section  5.2.3. 

4 . 7  Experiments  with  Markup** 

The  primary  purpose  of  this  last  block  of  experiments  is  to  deter¬ 
mine  if  the  optimum  markup  (M*)  can  be  improved  by  modeling  with  the 
BACKLOG  program.  A  single  operation  (K  =  0.002  and  C  =  1.5)  is  studied 
at  a  level  of  capitalization  slightly  below  the  optimum  level  identified 
in  Section  5.1.2.  The  project  size  for  all  bid  opportunities  is  held 

constant  ($100,000)  for  all  experiments  at  a  level  exceeding  the  modulus 

**The  scope  of  experiments  in  this  section  was  modified  as  presen¬ 
ted  in  Section  4.4  due  to  a  problem  encountered  while  trying  to  deter¬ 
mine  if  markup  should  be  modified  with  respect  to  the  backlog  of  work. 
The  results  of  these  preliminary  experiments  led  to  the  findings  report¬ 
ed  in  Section  5.3. 


56 


TABLE  4.3  --  BACKLOG  INPUTS  FOR  MAXIMUM  PROJECT  SIZE  EXPERIMENTS 


Variable 

— 

Value 

Variable 

Value 

NEXPMT 

1 

D I  ST (4,6) 

0 

NSAMPL 

9 

DIST(4,7) 

0 

NMONTH 

61 

D I  ST (5,1) 

0 

MINJS 

0. 5000E+01 

DIST(5,2) 

0. 3000E+00 

MAXJS 

0. 1 200E+04 

D I  ST (5,3) 

0. 7406E+00 

LABEQP 

0. 5000E+00 

DIST (5,4) 

0 

DI ST (1,1) 

0 

D I  ST (5,5) 

0 

D I  ST ( 1 ,2) 

0 

DI ST (5,6) 

0 

DI ST (1,3) 

0 

DIST(5,7) 

0 

DIST(M) 

0. 3500E+02 

DI ST (6,1 ) 

0 . 9944E-01 

D I ST (1,5) 

0. 8333E+01 

DIST(6,2) 

0.6601E+00 

D I  ST (1,6) 

0 

DIST(6,3) 

- . 361 2E+00 

D I  ST ( 1 ,7) 

0. 1800E+01 

DIST(6,4) 

0 

D I  ST (2,1) 

0 

D I ST ( 6 ,5) 

0.5415E-01 

DI ST( 2 , 2 ) 

0 

DI  ST (6,6) 

0 . 2000E+00 

DIST(2,3) 

0 

DIST (6,7) 

0 . 2600E+01 

D 1  ST (2,4) 

0. 1000E+03 

PRN0P1 

0 

DI ST (2,5) 

0 . 1 681 E+-04 

PRN0P2 

0 

0IST( 2  ,6 ) 

- .  4500E+00 

EX0PT1 

1 

0 1 S  T  ( 2 , 7 ) 

0. 3200E+01 

EX0PT2 

0 

DIST( 3 , 1 ) 

0. 2287E+00 

I S EE  DI 

22092503 

DIST(3, 2 ) 

0. 4246E+00 

ISEED2 

897712097 

D I  ST ( 3,3) 

- . 31 67E+00 

ISEED4 

1417473372 

DOST( 3,4) 

0 

ISEED5 

553645566 

D I  ST (3,5) 

0 

ISEED6 

755319619 

SIST(3,6) 

0 

RATBC 

10.0 

DI ST (3,7) 

0 

RATMMA 

1000.0 

DIST(4,1 ) 

0 

RATMMB 

-.0001 

D I  ST (4,2) 

0. 1 500E+00 

KB 

0.2000E-02 

DIST(4,3) 

0. 3750E+00 

CB 

0. 1000E+01 

DI ST (4,4) 

0 

UMAX 

Varies 

D I  ST (4,5) 

0 

OPTJS 

Varies 

COMMENTS:  Experiments  are  run  for  5  levels  of  UMAX  (40,  80, 
120,  160,  and  180).  For  each  experiment,  9  samples  are  run 
with  0PTJS=50 ,  100,  200,  300,  400,  600,  800,  1,000,  and 
1  ,200. 
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TABLE  4.4  --  BACKLOG  INPUTS  FOR  MET  PROFITS  VERSUS 
PROJECT  SIZE  EXPERIMENTS 


Variable 

Value 

Variable 

Val  ue 

NEXPMT 

1 

DI ST (4.6) 

0 

NSAMPL 

12 

D I  ST ( 4 . 7) 

0 

NMONTH 

61 

DI ST (5.1) 

0 

MINJS 

0. 5000E+01 

D I  ST (5.2) 

0 . 3000E+00 

MAXJS 

0. 7000E+03 

DI ST (5.3) 

0. 7406E+00 

LABEQP 

0. 5000E+00 

D I  ST (5.4) 

0 

DI ST (1.1) 

0 

D I ST (5.5) 

0 

DI ST (1.2) 

0 

DIST( 5 . 6 ) 

0 

01  ST ( 1 .3) 

0 

D I  ST (5.7) 

0 

DIST ( 1 .4) 

0. 3500E+02 

DI ST (6.1) 

0 . 9944E-01 

DI ST( 1 .5) 

0 . 3333E+01 

D I  ST (6.2) 

0.6601 E+00 

DIST ( 1 .6) 

0 

D I  ST (6.3) 

- . 361 2E+00 

DIST (1.7) 

0 . 1 800E+01 

D I  ST ( 6  -  4 ) 

0 

D I  ST (2.1 ) 

0 

D I  ST (6.5) 

0.541 5E-01 

DIST (2.2) 

0 

DIST(6 . 6 ) 

0. 2000E+00 

D I  ST (2.3) 

0 

DI ST (6.7) 

0 . 2600E+01 

DIST (2. 4) 

0. 1000E+03 

PRN0P1 

0 

D I  ST { 2 . 5) 

0.1681 E+04 

PRN0P2 

0 

D I  ST (2.6) 

-  .4500E+00 

EX0PT1 

1 

DIST (2.7) 

0. 3200E+01 

EX0PT2 

0 

D I  ST (3.1) 

0.2287E+00 

ISEED1 

22092503 

DIST (3.2) 

0 . 4246E+00 

ISEED2 

897712097 

DIST (3.3) 

- . 3167E+00 

ISEED4 

1417473372 

DI ST (3.4) 

0 

ISEED5 

553645566 

DIST( 3.5) 

0 

1SEED6 

755319619 

DI ST (3.6) 

0 

RATBC 

10.0 

DIST( 3 . 7 ) 

0 

RATMMA 

1000.0 

D I  ST (4.1) 

0 

RATMMB 

-.0001 

DI ST (4.2) 

0. 1500E+00 

KB 

Varies 

D I  ST (4.3) 

0. 3750E+00 

CB 

Varies 

DI ST (4.4) 

0 

UMAX 

Varies 

DIST(4 . 5 ) 

0 

OPTJS 

Varies 

COMMENTS:  Experiments  are  run  for  9  seperate  operations 

( KB= . 002 ,  .003,  and  .004  and 

CB=.5,  1 .0,  and 

1.5)  at  4 

levels  of  UMAX  each.  For  each  experiment,  12  samples  are 

run  with  OPTJS  varying  (10,  15,  20,  25,  50, 

100,  200,  300, 

400,  500,  600,  and  700). 
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of  project  size  (see  Section  5.2).  Two  markets  are  studied  in  the  ex¬ 
periments  and  the  cost  of  estimating  is  varied  in  one  market.  The  M* 
markup  is  increased  in  increments  for  each  set  of  runs  by  changing  the 
parameter  A  in  the  subject  contractor's  M*  equation.  The  inputs  for  the 
BACKLOG  program  are  outlined  in  Tables  4.5  and  4.6  and  the  results  of 
the  experiments  are  reported  in  Section  5.3. 
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TABLE  4.5  --  BACKLOG  INPUTS  FOR  MARKUP  EXPERIMENTS,  MARKET  C 


Variable 

Val  ue 

Variable 

Value 

NEXPMT 

1 

D I  ST (4,6) 

0 

NSAMPL 

1 

DIST ( 4 -  7 ) 

0 

NMONTH 

61 

DIST (5,1  ) 

0 

MINUS 

0. 5000E+01 

D I  ST (5,2) 

0. 3000E+00 

MAXJS 

0. 7000E+01 

DIST( 5 ,3 ) 

0. 7406E+00 

LABEQP 

0. 5000E+00 

DI  ST (5,4) 

0 

DI ST ( 1  ,1  ) 

0 

DIST (5,5) 

0 

DIST( 1  ,2) 

0 

DIST(5,6) 

0 

DIST( 1 ,3) 

0 

D I S  T ( 5,7) 

0 

D I  ST ( 1 ,4) 

0. 3500E+01 

DIST(6,1 ) 

0. 9944E-01 

DI  ST ( 1 ,5) 

0. 8333E+01 

DI  ST (6,2) 

0.6601E+00 

DI S  T ( 1 ,6) 

o 

DIST(6,3) 

- . 361 2E+00 

DI S  T ( 1 ,7) 

0. 1 800E+01 

DIST(6,4) 

0 

DIST(2 , 1  ) 

0 

DIST (6,5) 

0.  541 5E-01 

DIST(2,2) 

0 

D I ST (6,6) 

0.  2000E+00 

0IST(2,3) 

0 

DIST(6,7) 

0.  2600E+01 

DI ST (2,4) 

0. 1000E+03 

PRN0P1 

0 

DIST (2,5) 

0.1681E+04 

PRN0P2 

0 

DIST(2,6) 

- . 4500E+00 

EXOPT1 

1 

DIST( 2 ,7) 

0. 3200E+01 

EX0PT2 

0 

DI  ST (3,1) 

Varies 

ISEED1 

22092503 

DIST( 3,2) 

0. 4246E+00 

ISEED2 

397712097 

DIST (3,3) 

- . 31 67E+00 

ISEED4 

1417473372 

DI ST( 3,4 ) 

0 

ISEED5 

553645566 

DIST (3,5) 

0 

ISEED6 

755319619 

D I S  T ( 3,6) 

0 

RATBC 

10.0 

DIST( 3,7) 

0 

RATMMA 

1000.0 

DIST( 4 , 1 ) 

0 

RATMMB 

-.0001 

DIST(4 ,2 ) 

0. 1  500E+00 

KB 

0. 2000E-02 

DIST(4 ,3) 

0. 3750E+00 

CB 

0.1500E+01 

0 1 S  T ( 4 ,4) 

0 

UMAX 

0. 1  350E+03 

DIST(4 ,5) 

0 

OPTJS 

0. 1 000E+03 

COMMENTS:  Initial  value  of  DIST(3,1)  =  0.2287E+00. 
This  value  is  varied  as  shown  in  Table  5.1. 
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TABLE  4.6  --  BACKLOG  INPUTS  FOR  MARKUP  EXPERIMENTS,  MARKET  E 


Vari able 

Value 

_  .  _  _  .  _  _  .  _  . 

Variable 

Value 

NEXPMT 

1 

DI ST (4,6) 

0 

NSAMPL 

1 

DIST(4,7) 

0 

NMONTH 

61 

DIST(5,1 ) 

0 

MINJS 

0.  5000E+01 

DIST (5,2) 

0. 3000E+00 

MAXJS 

0.  7000E+03 

DIST(5,3) 

0.  7406E+00 

LABEQP 

0.  5000E+00 

DIST (5,4) 

0 

DIST( 1  ,1  ) 

0 

DIST(5,5) 

0 

DIST( 1,2) 

0 

DIST(5,6) 

0 

DIST( 1 ,3) 

0 

DI ST( 5 ,7 ) 

0 

0IST(1 ,4) 

0.  3500E+02 

DIST( 6,1 ) 

0.4901 E - 01 

DIST(1 ,5) 

0.  8333E+01 

DI ST (6,2) 

0. 31 35E+00 

DIST(1  ,6) 

0 

DIST(6,3) 

- .  1  567E+00 

DIST( 1  ,7 ) 

0. 1800E+01 

DIST(6,4) 

0 

DIST(2 ,1 ) 

0 

DIST(6,5) 

0.61 91 E-03 

DIST(2 ,2) 

0 

DIST(6,6) 

0. 2000E+00 

D1ST(2,3) 

0 

D I  ST (6,7) 

0. 2600E+01 

DIST( 2 ,4) 

0. 1000E+03 

PRN0P1 

0 

DI ST (2,5) 

0. 1 681E+04 

PRN0P2 

0 

OIST (2,6) 

-  .4500E+00 

EX0PT1 

1 

01  ST (2,7) 

0. 3200E+Q1 

EX0PT2 

0 

DI ST (3,1) 

Varies 

I  SEED! 

22092503 

DIST(3,2) 

0. 3048E+00 

ISEED2 

897712097 

DI ST (3,3) 

- .  1 756E+00 

ISEED4 

1417473372 

DI ST (3,4) 

0 

ISEED5 

553645566 

DIST( 3 ,5) 

0 

ISEED6 

755319619 

DIST (3,6) 

0 

RATBC 

10.0 

DI ST (3,7) 

0 

RATMMA 

1000.0 

DI ST(4 , 1 ) 

0 

RATMMB 

-.0001 

DIST(4,2) 

Varies 

KB 

0. 2000E-02 

DIST{4,3) 

0.  3750E+00 

CB 

0. 1500E+01 

DI ST (4,4) 

0 

WMAX 

0. 1 350E+03 

DIST( 4,5) 

0 

OPTJS 

0. 1 0O0E+O3 

COMMENTS :  Initial  value  of  DIST(3,1)  =  0.4901E-01. 

This  value  is  varied  as  shown  in  Tables  5.2  and  5.3. 

For  the  first  set  of  experiments,  DIST(4,2)  -  0.1500E+00. 
For  the  second  set  of  experiments,  DIST(4,2)  =  0.3000E+00. 
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CHAPTER  5 


DISCUSSION  OF  RESULTS 

Previous  chapters  have  discussed  the  backlog  model,  a  review  of 
the  literature  for  each  area  of  study  in  this  thesis,  and  the  research 
methodology  used  by  the  writer  to  perform  experiments  with  the  BACKLOG 
program.  This  chapter  presents  the  results  of  the  experiments  perform¬ 
ed  by  the  writer  and  discusses  the  writer's  interpretation  of  these 
results  for  the  three  major  areas  of  study: 

1.  Can  the  backlog  model  be  used  to  identify  an  optimum 
level  of  capitalization  for  a  given  operation? 

2.  Can  the  model  be  used  to  explore  the  influence  of  project 
size  on  net  profi ts? 

3.  Can  the  optimum  markup  be  improved  by  accounting  for  the 
backlog  of  work? 

5.1  Capitalization  and  Bonding  Capacity 

Two  blocks  of  experiments  were  conducted  to  explore  the  areas  of 
capitalization  and  bonding  capacity.  The  first  set  of  experiments  was 
designed  to  determine  if  an  optimum  level  of  capitalization  could  be 
identified  for  an  operation  with  a  predetermi ned  bonding  capacity.  The 
second  set  of  experiments  was  designed  to  determine  if  an  optimum 
level  of  capitalization  could  be  identified  for  an  operation  where  the 
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bonding  capacity  varies  with  the  level  of  capitalization.  The  results 
of  these  two  blocks  of  experiments  are  presented  and  discussed  in  sub¬ 
sections  5.1.1  and  5.1.2,  respectively.  The  last  two  subsections  dis¬ 
cuss  studies  performed  by  the  writer  without  the  aid  of  the  BACKLOG 
program.  Motivation  for  these  studies  came  from  the  results  of  previ¬ 
ous  experimentation.  The  writer  recognized  during  experimentation  that 
a  self-adjustment  of  the  level  of  capitalization  may  occur  when  a  firm 
is  unaware  of  the  W  versus  U  relationship.  The  results  of  this  study 
are  discussed  in  subsection  5.1.3.  Subsection  5.1.4  discusses  how  the 
backlog  model  may  be  used  to  determine  an  optimum  mix  of  working  capi¬ 
tal  and  operating  capital  for  a  given  operation. 

5.1.1  Optimum  Capitalization  with  a  Predetermined  Bonding  Capacity 

Figure  5.1  presents  the  results  of  the  experiments  for  a  given 
operation  with  a  predetermined  bonding  capacity.  This  figure  shows 
that  for  all  levels  of  bonding  capacity  a  level  of  capitalization  may 
be  identified  that  maximizes  net  profits.  For  example,  if  the  bonding 
capacity  for  the  given  operation  is  $1,800,000,  the  optimum  level  of 
capitalization  corresponds  to  a  mean  monthly  work  completion  rate  of 
$230,000.  This  figure  also  shows  that  the  optimum  level  of  capitaliza¬ 
tion  decreases  as  the  bonding  capacity  increases. 

Figure  5.1  may  be  examined  from  another  perspective  to  gain  insight 
into  how  a  contractor  should  allocate  available  capital.  For  example, 
assuming  that  the  contractor's  bonding  capacity  is  set  at  $2,000,000,  a 
maximum  of  $180,000  should  be  allocated  to  field  operations.  If  the 
contractor's  actual  working  capital  is  $220,000,  then  $40,000  should  be 
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allocated  to  some  activity  other  than  field  operations.  If  the  con¬ 
tractor  is  unaware  of  the  backlog  of  work  model  and  allocates  all  of 
his  capital  to  field  operations,  net  profits  from  field  activities  de¬ 
crease  approximately  30%  and  total  company  net  profits  may  decrease 
more  due  to  the  loss  of  potential  revenues  that  the  $40,000  may  have 
generated.  Bonding  capacity  may  also  be  studied  in  Figure  5.1. 

Assuming  that  the  methods  of  collecting  short-term  receivables  and 
paying  short-term  liabilities  do  not  change  and  that  leverage  remains 
constant,  the  level  of  capitalization  for  a  given  operation  changes 
only  with  changes  in  the  amount  of  working  capital  available  for  field 
operations.  An  increase  in  operating  capital  suggests  that  the  bonding 
capacity  would  typically  increase  if  a  decrease  in  the  ratio  of  short¬ 
term  assets  to  short-term  liabilities  has  not  occurred.  The  results  of 
the  above  experiments  are,  however,  contrary  to  this  concept.  For  ex¬ 
ample,  Figure  5.1  shows  that,  if  the  contractor's  mean  monthly  work 
completion  rate  (level  of  capitalization)  is  $280,000,  the  bonding 
capacity  for  the  operation  is  established  at  $1,600,000.  This  suggests 
that  the  bonding  capacity  should  be  set  at  or  greater  than  6  times  the 
amount  of  capital  available  for  field  operations.  Using  the  standard 
rule-of-thumb  for  setting  bonding  capacity  at  10  times  the  working  cap¬ 
ital,  one  may  have  anticipated  that  at  this  level  of  capitalization  the 
bonding  capacity  may  have  been  established  at  approximately  $2,800,000. 
If  the  contractor's  monthly  work  completion  rate  is  only  $150,000,  the 
bonding  capacity  should  be  set  at  or  lower  than  $2,200,000.  This  sug¬ 
gests  that  the  bonding  capacity  for  this  level  of  capitalization  should 
be  established  at  or  less  than  15  times  the  level  of  capitalization. 
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For  this  case,  the  general  rule-of-thumb  may  be  more  restrictive  than 
necessary  considering  the  contractor's  potential  to  operate  efficiently 
at  higher  backlogs  of  work.  These  experiments  indicate  that  the  back¬ 
log  model  and  level  of  capitalization  could  provide  additional  inputs 
into  the  establishment  of  a  firm's  bonding  capacity. 

The  logic  behind  the  scenarios  presented  above  may  best  be  under¬ 
stood  by  examining  the  backlog  of  work  curve  for  the  operation  studied. 
Figure  5.2  shows  this  curve  and  the  five  levels  of  bonding  capacity 
studied.  It  was  initially  found  that  the  optimum  level  of  capitaliza¬ 
tion  for  a  given  bonding  capacity  occurs  such  that  the  contractor  ap¬ 
parently  assumes  inefficient  operations  at  high  backlogs  of  work  (as 
shown  by  the  hatched  areas).  Further  study  revealed,  however,  that 
because  the  backlog  of  work  is  updated  prior  to  predicting  the  monthly 
work  completion  rate,  no  inefficiencies  actually  occurred.  This  updat¬ 
ing  process  is  shown  in  Figure  5.3.  The  variable,  X,  in  this  figure 
represents  the  range  of  backlog  associated  with  apparent  inefficiencies 
of  operations  up  to  the  bonding  capacity,  point  A.  This  range  is  equi¬ 
valent  to  the  mean  monthly  work  completion  rate,  and,  prior  to  predict¬ 
ing  this  rate  for  the  next  month,  the  backlog  is  adjusted  to  point  B  to 
reflect  work  completed  during  the  month.  It  is  noted  that  this  proce¬ 
dure  is  applicable  for  all  levels  of  capitalization.  To  predict  the 
mean  monthly  work  completion  rate  for  an  operation  directly  from  a 
curve,  one  must  construct  a  prediction  backlog  of  work  curve  by  itera¬ 
ting  the  above  process  at  all  possible  levels  of  capitalization.  Fig¬ 
ure  5.3  shows  the  fitted  curve  (solid)  and  the  prediction  curve  (dotted) 
for  the  given  operation. 
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FIGURE  5.3  --  FINDING  THE  PREDICTION  BACKLOG  CURVE 


Fitted  and  prediction  backlog  of  work  curves  for  a  variety  of 
operations  are  presented  in  Appendix  E.  Figure  5.4  shows  the  optimum 
level  of  capitalization  for  each  of  the  five  bonding  levels  studied  in 
this  section,  using  the  prediction  curve.  Since  the  optimum  level  of 
capitalization  for  a  given  bonding  capacity  appears  to  be  located  where 
a  vertical  projection  from  the  bonding  capacity  intersects  the  predic¬ 
tion  curve,  one  may  use  the  curve  to  predict,  for  example,  that  the  op¬ 
timum  level  of  capitalization  for  this  operation  with  a  bonding  capa¬ 
city  set  at  $1,400,000  is  $330,000  (the  mean  monthly  work  completion 
rate).  It  is  not  necessary  to  simulate  operations  if  a  variety  of  pre¬ 
diction  curves  are  available  since  the  optimum  (and  maximum)  level  of 
capitalization  may  be  identified  directly  from  a  curve  or  set  of  curves 
by  interpolation. 

A  common  criticism  of  the  construction  industry,  as  mentioned  in 
Chapter  3,  is  that  the  typical  contractor  is  highly  undercapitalized. 
Previous  discussion  in  this  section  has  suggested  that  one  may  identify 
an  optimum  level  of  capitalization  for  a  given  operation  with  a  prede¬ 
termined  bonding  capacity  and  that  a  contractor  may  be  either  over- 
api tali  zed  or  undercapitalized  to  the  same  degree  with  respect  to  this 
optimum  level  and  maintain  roughly  the  same  level  of  profitability  from 
field  operations  (see  Figure  5.1).  At  higher  levels  of  capitalization, 
the  contractor's  potential  increase  in  net  profits  due  to  a  greater 
turnover  in  working  capital  is  offset  by  inefficient  operations  at  high¬ 
er  levels  of  backlog  (assuming  the  contractor  strives  to  maintain  a 
backlog  that  approaches  his  bonding  capacity).  At  lower  levels  of  capi¬ 
talization,  net  profits  decrease  due  to  a  slower  turnover  in  working 
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FIGURE  5.4  —  ESTIMATING  THE  OPTIMUM  LEVEL  OE  CAPITALIZATION 


capital  from  field  operations.  It  would  therefore  seem  wise  for  a  con¬ 
tractor  to  always  be  undercapitalized  from  this  optimum  level  while 
using  remaining  working  capital  for  other  investments.  This  suggests 
that,  at  least  to  some  degree,  the  criticism  is  unwarranted. 

An  outstanding  investment  for  any  capital  above  the  optimum  level 
of  capitalization  would  be  one  that  achieves  an  improvement  in  the  re¬ 
lationship  between  the  backlog  of  work  and  the  monthly  work  completion 
rate.  Such  an  investment,  if  well  planned  and  integrated  into  the  total 
company  operation,  would  expand  company  potential  and  allow  for  con¬ 
trolled  growth  if  desired.  This  concept  is  demonstrated  in  Figure  5.5. 
It  is  assumed  that  the  contractor  in  this  scenario  is  currently  working 
at  the  optimum  level  of  capitalization  of  $120,000  with  a  bonding  capa¬ 
city  established  at  $1,600,000  (point  A).  If  the  contractor  makes  an 
investment  to  improve  communications  and  information  collection,  it  is 
estimated,  for  example,  that  the  decision  making  time  interval  will  de¬ 
crease  from  K  =  0.002  to  K  =  0.0015.  This  improvement  in  the  backlog/ 
work  completion  rate  relationship  has  helped  the  contractor  in  several 
ways.  First,  the  contractor  nay  direct  more  capital  to  field  operations 
as  they  become  available  (up  to  point  B)  without  incurring  inefficient 
operations.  Second,  the  contractor  may  elect  to  strive  for  an  increase 
in  bonding  capacity  (up  to  point  C)  while  holding  the  capitalization  of 
field  operations  constant.  This  move  may  provide  greater  flexibility 
in  the  type  and  size  of  project  the  contractor  may  bid  in  the  market. 
Third,  the  contractor  may  strive  for  a  combination  of  the  above  strate¬ 
gies,  as  shown  by  point  D.  This  third  strategy  is  aimed  at  controlled 
growth  in  both  the  level  of  capitalization  and  the  allowable  bonding 
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capaci ty . 


5.1.2  Optimum  Capitalization  with  a  Variable  Bonding  Capacity 

While  bonding  capacity  was  assumed  to  be  predetermined  in  the  prev¬ 
ious  experiments,  bonding  capacity  is  assumed  to  be  a  function  of  work¬ 
ing  capital  for  the  experiments  in  this  section.  Figure  5.6  shows  that 
bonding  capacity  (points  A',  B1  and  C1)  is  set  at  10  times  the  mean 
monthly  work  completion  rate  (points  A,  B  and  C).  The  hatched  areas  in 
this  figure  represent  the  range  of  backlog  with  inefficient  operations. 
It  was  found  tnat  an  optimum  level  of  capitalization  could  be  identified 
for  a  given  operation  with  bonding  capacity  varying  with  the  level  of 
capitalization.  Figure  5.7  shows  a  typical  plot  of  net  profits  versus 
the  mean  monthly  work  completion  rate  for  several  of  the  experiments  in 
this  study.  This  figure  shcr-j  that  net  profits  decrease  very  rapidly 
at  levels  of  capitalization  greater  than  the  optimum  level.  This  dif¬ 
fers  from  the  results  in  this  previous  section  because  bonding  capacity 
increases  with  capitalization  and  the  range  of  inefficient  operations 
increases  as  shown  in  Figure  5.6.  Additional  plots  of  the  results  for 
all  of  the  experiments  in  this  section  are  not  presented  in  this  thesis, 
but  they  may  be  obtained  by  replicating  the  experiments  using  the  inputs 
outlined  in  Chapter  4.  For  each  set  of  experiments  run,  the  optimum 
level  of  capitalization  was  identified  and  used  for  further  study. 

Analysis  of  the  optimum  level  of  capitalization  for  each  experiment 
suggested  that  a  strong  relationship  exists  between  this  optimum  level 

and  the  parameters  C  and  K  in  the  backlog  of  work  model.  Figure  5.8 
shows  the  relationship  between  the  optimum  level  of  capitalization  and 
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FIGURE  5.6  --  BONDING  CAPACITY  AND  WORKING  CAPITAL 


T I  CURE  5.7 


NET  PROFITS  WHEN  BONDING  CAPA(  ITY 
VAR  I  rs  WITH  WORKING  CAPITAL 


the  decision  making  time  interval  parameter,  K,  for  4  levels  of  the 
perceived  opportunity  for  achievement  parameter,  C.  Figure  5.9  shows 
the  relationship  between  the  optimum  level  of  capitalization  and  the 
parameter  C  for  4  levels  of  the  parameter  K.  These  two  figures  were 
used  to  construct  the  joint  response  of  optimum  capitalization  for  the 
parameters  K  and  C,  as  shown  in  Figure  5.10.  This  figure  may  be  used 
to  determine  the  optimum  level  of  capitalization  for  any  given  opera¬ 
tion  where  bonding  capacity  is  set  at  10  times  the  level  of  capitaliza¬ 
tion.  For  example,  during  his  studies,  Larew  found  that  the  parameters 
K  and  C  were  equal  to  0.001476  and  0.4491,  respectively,  for  one  speci¬ 
fic  time  period  in  the  company's  history  (14:150).  Using  Figure  5.10, 
we  may  predict  that  the  company's  optimum  level  of  capitalization 
during  that  time  period  was  $110,000  if  the  assumptions  associated  with 
the  development  of  this  figure  are  met:  bonding  capacity  is  estab¬ 
lished  at  10  times  the  working  capital  and  all  working  capital  is 
available  for  field  operations.  It  is  interesting  to  note  that  the 
mean  monthly  work  completion  rate  for  the  company  operation  during  the 
time  period  was  $110,000  (14:150). 

The  important  point  of  the  above  example  is  not  that  perhaps  by 

coincidence  the  assumptions  were  net  but  that  the  methodology  for  de¬ 
termining  the  optimum  level  of  capitalization  is  the  same  regardless  of 

the  assumptions  made.  Optimum  capitalization  plots,  such  as  the  one 

shown  in  Figure  5.10,  may  be  developed  for  a  variety  of  relationships 
between  working  capital  and  the  mean  monthly  work  completion  rate, 
working  capital  and  bonding  capacity,  leverage  and  the  mean  monthly 
work  completion  rate,  operating  capital  and  working  capital,  etc. 


75 


FIGURE  5.10  --  OPTIMUM  LEVEL  OF  CAPITALIZATION  RESPONSE 
CURVES  ($1000) 


These  figures  might  then  be  used  to  determine  the  optimum  level  of  cap¬ 
italization  for  the  actual  environmental  and  internal  constraints  for  a 
given  operation. 

5.1.3  The  Self-Adjusting  Principle 

How  much  capital  should  be  allocated  to  field  operations  to  maxi¬ 
mize  operational  net  profits  or  satisfy  some  other  objective?  Previous 

subsections  in  this  section  report  the  results  of  several  experiments 
addressing  the  areas  of  capitalization  and  bonding  capacity  and  suggest 
that  the  backlog  of  work  model  may  be  used  to  pursue  an  answer  to  the 
above  question.  However,  until  this  or  some  other  model  is  further  re¬ 
fined  and  tested  in  the  field,  managers  must  continue  to  conceptually 

determine  how  much  working  capital  should  be  allocated  to  field  opera¬ 
tions. 

We  know  that  the  work  completed  by  an  enterprise  varies  with 
changes  in  operating  capital.  Operating  capital  can  be  increased  by 
allocating  more  working  capital  to  the  field  or  by  directing  profits  to 
field  operations.  Operating  capital  can  be  decreased  by  pulling  capital 
away  from  field  operations,  i.e.,  when  costs  exceed  billings  due  to 
under-estimating  or  overrunning  costs.  Very  few  construction  firms  are 
capable  of  doing  business  for  any  length  of  time  without  experiencing 
changes  in  the  monthly  work  completion  rate  and  the  level  of  field 
capitalization.  The  previous  work  of  Larew  (14)  and  the  insight  gained 
from  the  study  of  the  backlog  model  suggest  that  there  may  be  a  "self- 
adjusting  principle"  that  will  help  explain  why  the  work  completion 
rate  varies  (excluding  seasonal  factors,  project  start-ups,  etc.)  and 
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wh 'j  some  firms  lose  capital  due  to  cost  overruns. 

There  are  three  primary  reasons  a  firm  may  appear  to  be  overcapi¬ 
talized  with  respect  to  the  backlog  of  work  curve  for  the  given  opera¬ 
tion.  First,  a  firm  may  direct  more  operating  capital  to  the  field  to 
increase  the  monthly  work  completion  rate,  as  shown  in  Figure  5.11(a). 
In  this  figure,  operating  capital  is  first  increased  to  increase  the 
work  completion  rate  from  W  to  W.  The  corresponding  range  of  backlog 
for  efficient  operations  is  decreased  from  A-B  to  A 1 -B 1 .  Another  in¬ 
crease  in  operating  capital  increases  W'  to  W"  and  the  range  of  effi¬ 
cient  operations  decreases  from  A ' -B *  to  A"-B".  Assuming  that  bonding 
capacity  does  not  change,  these  increases  in  operating  capital  may  con¬ 
stitute  overcapi tal i zation  if  the  backlog  of  work  at  any  time  exceeds 
the  range  of  efficient  operations.  Second,  a  change  of  modus  operandi 
may  cause  a  decrease  in  operational  potential,  as  shown  in  Figure  5.11 
(b).  If  it  is  again  assumed  that  the  bonding  capacity  does  not  change, 
the  shift  in  modus  operandi  decreases  the  range  of  efficient  operations 
from  A-B  to  A 1 -B '  and  the  firm  may  appear  overcapitalized  with  the  new 
backlog  of  work  curve  if  the  backlog  is  at  any  time  outside  the  range 
of  efficient  operations.  Third,  a  change  of  modus  operandi  that  re¬ 
flects  improved  operational  potential  may  constitute  apparent  overcapi¬ 
talization,  as  shown  in  Figure  5.11(c).  A  change  in  the  backlog  of 
work  curve  may  decrease  the  range  of  efficient  operations  from  A-B  to 
A '  -B ' .  If  at  any  time  the  backlog  of  work  for  the  new  modus  operandi 
is  less  than  A',  the  firm  appears  to  be  overcapitalized  because  the 
mean  monthly  work  cornu 'eti on  rate  decreases. 


The  above  changes  in  the  level  of  capitalization  or  modus  operandi 
lay  the  foundation  for  the  self-adjusting  principle.  This  principle 
may  best  be  explained  by  developing  a  scenario  that  is  illustrated  in 
Figure  5.12.  It  is  assumed  that  we  are  examining  a  given  operation  un¬ 
dergoing  only  changes  in  the  level  of  field  capi tal i zation .  The  scen¬ 
ario  begins  with  the  firm  operating  at  a  monthly  work  completion  rate 
of  W  as  shown  in  Figure  5.12(a).  Firm  executives  have  decided  to  raise 
operating  capital  to  achieve  an  increase  in  the  work  completion  from  W 
to  W 1 .  Points  on  the  W  line  are  highlighted  to  indicate  the  levels  of 
backlog  experienced  by  the  firm  at  this  new  level  of  capitalization. 

The  apparent  overcapitalization  with  respect  to  the  backlog  of  work 
curve  is  not  noticed  since  backlog  never  exceeds  the  range  of  efficient 
operations.  (The  reader  is  reminded  that  the  decision  maker  for  the 
firm  is  not  familiar  with  the  backlog  of  work  model  and  that  he/she 
simply  anticipates  increases  in  monthly  billings  due  to  increases  in 
operating  capital.)  Several  months  later,  the  firm  anticipates  winning 
a  sizeable  project  and  again  increases  field  capitalization  to  W"  in  an 
effort  to  gear  up  for  an  increase  in  the  backlog  of  work.  The  project 
is  won  and  the  backlog  of  work  is  increased  to  point  A.  Unfortunately, 
overcapitalization  nay  now  become  apparent  since  the  backlog  of  work  is 
outside  the  range  of  efficient  operations.  The  decision  maker  is  not 
aware  that  field  operations  are  overcapitalized  and  notices  only  that 
the  work  completion  rate  drops  from  W"  to  W"‘  for  no  apparent  reason. 

The  drop  in  the  work  completion  rate  is  the  result  of  cost  overruns 
since  the  decrease  is  due  solely  to  operational  inefficiency  at  the  high 
level  of  backlog.  A  drop  in  capitalization  should  ensue  due  to  these 
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cost  overruns,  as  shown  in  Figure  5.12(b).  If  this  drop  does  not  occur 
and  the  company  attempts  by  some  means  to  keep  field  capitalization 
high,  the  impact  may  be  disasterous  (i.e.,  lead  to  eventual  financial 
failure).  Hopefully  the  cost  overruns  will  be  recognized  through  ac¬ 
curate  field  cost  reporting  and  analysis  by  either  home  or  field  office 
personnel ,  and  adjustments  may  be  made  to  improve  the  backlog  of  work 
curve  or  keep  the  level  of  field  capitalization  low  until  backlog  is 
reduced.  The  project  is  labelled  a  "loser"  by  the  company:  the  exact 
cause  is  unknown,  although  poor  cost  estimating  or  poor  field  supervi¬ 
sion  may  be  implicated.  Figure  5.12(c)  suggests  that  a  cycle  similar 
to  the  above  scenario  may  occur  repeatedly:  some  projects  are  "winners" 
and  some  are  "losers."  This  figure  suggests  that  the  firm  is  experi¬ 
encing  a  self-adjustment  around  the  unknown  optimum  level  of  capitali¬ 
zation  for  the  given  operation  (shown  by  the  heavy  W-line). 

It  is  understood  by  the  writer  that  the  self-adjusting  principle 
and  all  associated  assumptions  are  an  extreme  simplification  of  a  com¬ 
plex  and  dynamic  environment.  The  usefulness  of  this  principle  in  ex¬ 
plaining  recognized  deviations  in  the  work  completion  rate  (and  level 
of  capitalization)  may  be  reinforced  by  examining  the  backlog  of  work 
over  time  for  an  actual  company  nneration  (14:149-152).  Data  available 
to  the  writer  included  the  work  completion  rate  and  backlog  of  work  of 
an  enterprise  for  60  months,  and  the  total  time  is  divided  into  12 
periods  with  predetermined  values  for  the  parameters  K  and  C  in  the 
backlog  of  work  model.  It  is  assured  that  the  values  for  these  param¬ 
eters  accurately  describe  the  firm's  operational  potential  during  each 
period.  Figure  5.13  shows  a  plot  of  the  backlog  of  work  versus  time 
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and  the  apparent  range  of  backlog  for  efficient  operations  is  between 
the  dotted  lines  for  each  period.  These  ranges  were  determined  by  in¬ 
terpolating  the  low  and  high  backlogs  for  efficient  operations  from  the 
prediction  curves  presented  in  Appendix  E  or  by  constructing  the  actual 
prediction  curve  for  the  given  operation  (given  values  of  K  and  C). 

Trie  hatched  areas  in  Figure  5.13  represent  levels  of  backlog  outside 
the  range  of  efficient  operations.  From  these  hatched  areas  and  remem¬ 
bering  the  foundations  of  the  self-adjusting  principle,  one  may  predict 
that: 

1.  Halfway  through  period  C  a  decrease  in  W  ’ ;  credicted  since  the 
backlog  of  work  at  the  beginning  of  the  perioc  /a;  :  ,-ater  than  the 
operation  could  efficiently  handle. 

2.  At  the  end  of  period  E  and  the  beginning  of  period  F,  a  de¬ 
crease  in  W  is  predicted  since  the  backlog  is  too  low  for  efficient 
operations.  It  is  predicted  that  W  increases  in  period  F  since  the 
backlog  is  within  the  range  of  efficient  operations  but  decreases  and 
stays  low  unti1  the  beginning  of  period  G  since  the  backlog  again  is 
too  low  for  efficient  operations. 

3.  Halfway  through  period  G  a  decrease  in  W  is  predicted.  It  is 
predicted  that  W  will  remain  low  through  period  H  since  the  backlog  is 
too  low  for  efficient  operations. 

4.  It  is  predicted  that  W  will  decrease  at  the  beginning  of  period 
K  until  halfway  through  the  period  since  the  backlog  is  too  low. 

Toward  the  end  of  period  K  an  increase  in  W  is  predicted  but  it  is  pre¬ 
dicted  that  W  decreases  at  the  beginning  of  period  L  when  the  backlog 
again  becones  too  low  for  efficient  operations. 
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5.  Halfway  through  period  L  a  decrease  in  W  is  predicted  when  the 
backlog  becomes  too  low. 

Each  of  the  above  predictions  is  based  on  apparent  overcapitaliza¬ 
tion  due  to  changes  in  modus  operandi  since  no  data  is  available  on  in¬ 
tentional  financial  adjustments.  The  predictions  may  now  be  compared 
to  the  actual  changes  in  the  work  completion  rate  experineced  by  the 
firm,  as  shown  in  Figure  5.14.  One  may  note  that  to  a  great  degree  the 
predictions  are  correct:  changes  in  modus  operandi  caused  apparent 
overcapitalization  and  the  work  completion  rate  adjusted  accordingly. 

5.1.4  Working  Capital  and  Operating  Capital 

The  backlog  of  work  model  may  be  used  to  determine  the  optimum 
level  of  capitalization  for  any  operation  and  any  set  of  assumptions  or 
constraints  addressing  operating  capital,  working  capital  and  bonding 
capacity.  Assume,  for  example,  that  the  bonding  capacity  for  a  given 
operation  is  set  at  10  times  the  working  capital  and  that  working 
capital  is  unrelated  to  operating  capital.  Figure  5.15  shows  how  the 
backlog  prediction  curve  may  be  used  to  determine  the  optimum  level  of 
field  capitalization  for  any  level  of  working  capital.  The  firm  in 
case  A  has  $240,000  of  working  capital  upon  which  bonding  capacity  is 
based.  To  determine  the  optimum  level  of  operating  capital,  a  horizon¬ 
tal  projection  is  made  from  the  working  capital  axis  at  $240,000  until 
the  projection  intersects  the  10-times  iso-bonding  line.  A  vertical 
projection  is  then  made  from  this  intersection  until  the  projection  in¬ 
tersects  the  backlog  curve.  From  this  second  intersection  a  horizontal 
projection  is  made  to  the  work  completion  rate  axis  to  determine  the 
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FIGURE  5.14  --  CHANGES  IN  WORKING  CAPITAL  OVER  TIME 


optimum  mean  monthly  work  completion  rate  for  the  operation.  This  rate 
is  a  measure  of  the  optimum  level  of  field  capitalization  by  the  work 
completion  rate  function.  The  above  process  is  used  to  determine  the 
optimum  level  of  field  capitalization  for  cases  B  and  C  in  Figure  5.15. 

An  implicit  assumption  in  the  above  example  is  that  the  firm  does 
not  exercise  constraint  in  the  backlog  of  work  between  zero  and  the 
bonding  capacity.  The  firm  bids  work  if  it  is  available  and,  if  won, 
is  within  the  allowable  backlog  set  by  the  company's  surety.  The  above 
process  would  be  used  primarily  for  descriptive  and  analytical  purposes. 
The  process  is  not  applicable  if  the  firm  is  aware  of  the  constraints 
imposed  by  the  backlog  of  work  model  and  exercises  constraint  in  bid¬ 
ding  work  such  that  the  backlog  of  work  is  partially  controlled.  (Back¬ 
log  from  competitively  bid  work  may  never  be  totally  controllable  unless 
the  probability  of  winning  every  project  is  1.0.)  This  concept  is  pre¬ 
sented  in  Figure  5.16.  Regardless  of  the  level  of  working  capital, 
field  operations  may  be  capitalized  at  any  level  if  the  backlog  of  work 
at  all  times  remains  within  the  range  of  efficient  operations.  The 
example  shown  in  Figure  5.16  is  the  same  as  case  A  in  Figure  5.15.  If 
the  firm  is  unaware  of  the  backlog  model,  the  optimum  level  of  field 
capitalization  is  W  and  the  range  of  efficient  operations  is  A-B  (found 
by  the  previously  explained  process).  If  the  firm  is  aware  of  the 
backlog  model  and  the  prediction  curve  for  the  operation,  the  firm  may 
increase  the  level  of  field  capitalization  to,  for  example,  W  but  the 
range  of  efficient  operations  decreases  from  A-B  to  A'-B'.  Another  in¬ 
crease  in  capitalization  from  W  to  W"  decreases  the  range  of  efficient 
operations  from  A'-B'  to  A"-B".  Each  of  these  strategies  is  effective 
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FIGURE  5.15  —  WORKING  CAPITAL  AND  THE  OPTIMUM  LEVEL 
OF  OPERATING  CAPITALIZATION 


FIGURE  5.16  --  CONSTRAINING  BACKLOG  TO  INCREASE 
OPERATING  CAPITAL 
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if  the  backlog  of  work  never  exceeds  the  range  of  efficient  operations. 

If  this  happens,  the  actual  work  completion  rate  decreases  while  the 
level  of  operating  capital  is  held  constant.  One  may  question  if  the 
range  of  backlog  A"-B"  provides  sufficient  flexibility  in  the  competi¬ 
tive  bidding  environment.  If  the  above  firm's  bid/get  ratio  is,  for 
example,  15  to  1  and  the  firm  by  chance  wins  14  of  the  next  15  bids,  it  is 
probable  that  adjustments  to  the  level  of  field  capitalization  must  take 
place  for  the  firm  to  efficiently  accomodate  a  higher  level  of  backlog. 

One  may  question  the  responsiveness  of  a  firm  and  the  accuracy  of 
predictions  using  the  backlog  model  and  wonder  if  the  above  tactics  are 
useful.  For  this  question  the  writer  has  no  firm  answer;  however,  as 
with  other  strategies  mentioned  in  this  thesis,  it  would  be  wise  for  a 
manager  to  make  conservative  decisions.  The  last  case  presented  in 
Figure  5.16  would  be  interpreted  by  the  writer  to  be  unwise  in  a  highly 
competitive  or  volatile  market. 

5.2  Project  Size 

The  previous  section  in  this  chapter  discussed  how  the  backlog 
model  may  be  used  to  explore  the  areas  of  working  capital  and  bonding 
capacity.  The  results  reported  and  discussed  in  this  section  address 
the  impact  of  project  size  on  net  profits.  The  first  block  of  experi¬ 
ments  was  designed  to  identify  a  maximum  project  size  for  a  given  oper¬ 
ation.  The  second  block  of  experiments  was  designed  to  examine  the 
impact  of  project  size  for  a  variety  of  operations  and  levels  of  capit¬ 
alization.  The  results  of  these  two  blocks  of  experiments  are  reported 
and  discussed  in  Subsections  5.2.1  and  5.2.2,  respectively.  The  last 


subsection  attempts  to  integrate  the  findings  of  the  above  experiments 
with  the  previous  work  of  Larew  and  Grieve. 

5.2.1  Maximum  Efficient  Project  Size 

Prior  to  experimentation  with  the  BACKLOG  program,  it  was  deter¬ 
mined  that  the  maximum  range  of  backlog  for  efficient  operations 
(MAXPRO)  may  be  a  measure  of  the  maximum  project  size  that  a  company 
should  consider  bidding  under  optimum  conditions.  Any  project  size  ex¬ 
ceeding  MAXPRO  causes  company  operations  to  become  inefficient  at 
either  high  or  low  levels  of  backlog  according  to  the  backlog  of  work 
model.  This  concept  is  presented  in  Figure  5.17.  For  all  levels  of 
capitalization  for  a  given  operation,  the  maximum  range  of  efficient 
operations  is  constrained  at  low  levels  of  backlog  by  the  backlog  of 
work  curve  and  at  high  levels  of  backlog  by  either  the  bonding  capacity 
(Cases  A  and  B)  or  the  backlog  of  work  curve  (Case  C).  It  is  empha¬ 
sized  that  MAXPRO  is  a  measure  of  the  maximum  project  size  for  a  given 
operation  only  under  optimum  conditions  with  respect  to  the  backlog  of 
work  and  not  necessarily  a  measure  of  the  maximum  project  size  if  these 
conditions  are  not  met.  This  point  is  best  illustrated  by  examining 
Case  C  in  Figure  5.17.  MAXPRO-C  is  a  measure  of  the  maximum  project 
size  that  the  company  should  bid  only  if  every  project  bid  and  won  is 
awarded  when  the  company's  backlog  of  work  is  at  point  C'.  As  soon  as 
the  project  is  awarded  to  the  contractor,  the  backlog  of  work  is  immedi¬ 
ately  increased  to  point  C",  the  high  backlog  of  efficient  operations. 
This  example  requires  perfect  market  and  company  conditions  that  are 
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virtually  impossible  to  satisfy.  Under  normal  market  and  company  con¬ 
ditions,  the  maximum  project  size  the  company  should  consider  is  some 
value  less  than  MAXPRO-C.  This  project  size  must  allow  for  flexibility 
in  bidding  to  account  for  the  level  of  backlog  at  the  time  of  potential 
award  and  the  random  distribution  of  project  sizes  available  in  the 
market  at  any  given  time.  One  may  assume,  for  example,  that  a  project 
size  equivalent  to  75%  of  the  maximum  range  of  efficient  operations 
provides  this  flexibility  for  a  variety  of  company  operations  in  a 
given  market  and  that  a  plot  of  the  maximum  project  size  versus  level 
of  capitalization  may  be  developed,  as  shown  in  Figure  5.18.  The  proj¬ 
ect  size  we  are  referring  to  now  is  not  the  maximum  project  size  that 
the  company  may  bid  but  the  maximum  efficient  project  size  that  the 
company  should  bid.  A  series  of  plots,  such  as  the  one  shown  in  Figure 
5.18,  may  be  used  as  a  quick  reference  for  a  company  anticipating  or 
planning  a  change  of  modus  operandi  to  determine  the  influence  of  the 
change  on  the  profitability  of  the  company  for  a  given  market  environ¬ 
ment  (i.e.,  defined  distributions  of  the  estimated  project  size  and  the 
arrival  rate  of  bid  opportunities). 

To  demonstrate  and  support  the  above  concepts,  several  experiments 
were  run  for  a  given  company  operation  (K  =  0.002  and  C  =  1 .0  for  the 
backlog  of  work  model).  Figures  5.19  and  5.20  present  the  results  of 
these  experiments  in  graphical  form.  The  optimum  level  of  capitaliza¬ 
tion  for  the  given  operation  is  equivalent  to  a  mean  monthly  work  com¬ 
pletion  rate  of  $120,000  (see  Figure  5.10)  and  this  is  also  the  level 
of  capitalization  that  permits  the  greatest  flexibility  in  project  size 
that  the  company  may  consider  when  striving  to  maximize  net  profits 
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FIGURE  5.17  —  ESTIMATING  THE  MAXIMUM  PROJECT 
SIZE 


FIGURE  5.18  --  MAXIMUM  EFFICIENT  PROJECT  SIZE  ESTIMATED 
AT  .75  X  MAXPRO 
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(breakeven  to  $800,000).  A  level  of  capitalization  above  or  below  the 
optimum  level  reduces  this  flexibility  as  shown  in  Figure  5.21.  The 
curve  shown  in  this  figure  is  based  on  the  experimental  results  and  is 
representative  of  the  curves  shown  in  Figure  5.18  that  were  constructed 
directly  from  the  prediction  backlog  of  work  curves.  The  ratio  of  the 
maximum  efficient  project  size  to  the  range  of  efficient  operations  for 
the  experiments  is  approximately  equal  to  0.85,  whereas  it  was  assumed 
that  this  ratio  was  0.75  for  the  curves  in  Figure  5.18.  Because  project 
size  was  constant  for  each  experiment,  this  ratio  provides  only  for  the 
flexibility  that  is  required  in  bidding  at  the  maximum  efficient  proj¬ 
ect  size  due  to  the  backlog  of  work  at  the  time  of  award. 

The  ratio  of  maximum  efficient  project  size  to  the  range  of  effi¬ 
cient  operations  will  vary  primarily  with  changes  in  the  market  environ¬ 
ment.  A  high  ratio  may  be  achieved  in  a  market  with  sufficient  bidding 
opportunities  and  a  wide  range  of  project  sizes  since  a  company  may 
competitively  bid  projects  that  permit  efficient  operations  after  con¬ 
sidering  the  existing  or  anticipated  backlog  of  work.  This  ratio  may 
also  be  greater  than  1.0  if  the  markup  of  the  low  bidder  in  the  market 
increases  as  project  size  increases  (i.e.,  diseconomies  of  scale  are 
present).  For  such  a  condition,  the  increase  in  net  profits  due  to  a 
higher  markup  with  larger  project  sizes  may  offset  the  inefficiencies 
in  operations  that  will  occur. 

•  The  preliminary  studies  of  the  relationship  between  project  size 

and  the  backlog  of  work  curve  suggest  that  a  maximum  efficient  project 
size  may  be  determined  for  a  given  company  operation  in  a  given  market. 
Due  to  the  simplification  involved  when  modeling  an  enterprise  in  a 
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market,  this  maximum  efficient  project  size  provides  only  insight  into 
the  potential  impact  that  project  size  may  have  on  the  profitability  of 
the  enterprise.  The  range  of  backlog  for  efficient  operations  for  a 
given  company  operation  and  given  level  of  capitalization  provides  a 
rough  estimate  of  the  maximum  efficient  project  size  and  this  estimate 
may  be  adequate  when  one  considers  the  numerous  factors  that  affect  the 
profitability  of  a  specific  project.  The  findings  of  these  studies 
suggest,  however,  that  a  rule-of-thumb  for  the  maximum  project  size, 
such  as  50%  of  the  bonding  capacity,  is  inadequate  when  one  considers 
the  relationship  between  the  monthly  work  completion  rate  and  the  back¬ 
log  of  work.  It  would  surely  be  unwise  for  a  surety  to  bond  a  project 
that  accounts  for  much  greater  than  50%  of  a  contractor's  bonding  ca¬ 
pacity.  But  it  is  equally  unwise  for  a  surety  to  bond  a  project  that 
accounts  for,  say,  40%  of  a  contractor's  bonding  capacity  when  the 
maximum  efficient  project  size  for  the  contractor's  operation  is  30%  of 
his  bonding  capacity. 

5.2.2  Modulus  of  Project  Size 

The  second  phase  of  studying  project  size  explores  the  impact  of 
project  size  on  net  profits  at  and  around  the  optimum  level  of  capital¬ 
ization.  Figures  5.22  and  5.23  present  the  results  of  some  of  these 
experiments.  The  remaining  results  are  presented  in  Appendix  F.  The 
above  figures  show  that  at  the  optimum  level  of  capitalization  for  a 
given  operation  net  profits  increase  rapidly  from  the  breakeven  project 
size  (in  this  case  $2,000)  to  some  project  size  where  this  increase 
diminishes  with  additional  increases  in  project  size.  These  figures 
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suggest  that  one  may  identify  what  will  be  called  a  modulus  of  project 
size  for  a  given  operation.  It  is  important  to  distinguish  between  the 
breakeven  project  size  and  this  modulus  of  project  size.  As  previously 
mentioned,  expected  net  profits  at  the  breakeven  project  size  are  zero 
and  a  contractor  may  theoretically  anticipate  that  he  will  neither  make 
or  lose  money  when  continuously  bidding  at  this  project  size.  At  the 
modulus  of  project  size,  the  contractor  is  bidding  profitable  work; 
however,  profits  decrease  rapidly  as  project  size  decreases  and  in¬ 
crease  only  marginally  as  project  size  increases. 

The  curve  shapes  in  Figures  5.22  and  5.23  for  levels  of  capitali¬ 
zation  below  the  optimum  level  are  similar  to  the  curve  for  the  optimum 
level  of  capitalization.  Net  profits  for  these  undercapitalized  opera¬ 
tions  decrease  proportionately  with  decreases  in  the  level  of  capital i- 
zaton.  The  general  curve  shape  changes  at  levels  of  capitalization 
above  the  optimum  level  and  the  modulus  of  project  size  increases 
rapidly  with  increases  in  the  level  of  capitalization.  Net  profits 
with  respect  to  project  size  at  higher  levels  cf  capitalization  are 
very  unstable  and,  at  some  level  of  capitalization  not  shown  in  these 
figures,  net  profits  are  negative  for  all  project  sizes.  These  experi¬ 
ments  also  tend  to  support  the  concept  that  it  is  wise  for  a  contractor 
to  be  undercapitalized  because  net  profits  are  more  stable  and  a  wider 
range  of  profitable  project  sizes  may  be  bid. 

Figure  5.24  shows  a  plot  of  the  modulus  of  project  size  versus  the 
level  of  capitalization  for  9  different  construction  operations.  With 
the  exception  of  one  operation  (K  =  0.004  and  C  =  1.0),  the  slope  of 
the  relationship  between  these  two  variables  for  all  operations  was 
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FIGURE  5.24  —  MODULUS  OF  PROJECT  SIZE  CURVES 


approximately  the  same.  The  relationship  varied  somewhat  at  lower 
levels  of  capitalization  with  respect  to  the  optimum  level  for  a  given 
operation;  however,  it  appears  that  the  lowest  modulus  of  project  size 
for  this  market  condition,  to  include  the  company's  costs  of  estimating 
and  overhead,  is  approximately  $20,000.  The  writer  was  unable  to  de¬ 
termine  a  relationship  between  the  modulus  of  project  size  and  other 
experimental  variables,  such  as  the  cost  of  estimating,  the  cost  of 
overhead,  the  parameters  K  and  C  in  the  backlog  model,  etc.  It  would 
be  highly  desirable  to  be  able  to  express  the  relationship  between  the 
modulus  of  project  size  and  the  level  of  capitalization  for  any  opera¬ 
tion  in  equation  form  for  easy  use,  but  until  this  expression  is  deter¬ 
mined,  one  must  perform  an  analysis  of  company  and  market  conditions  to 
determine  the  modulus  of  project  size. 

The  determination  of  the  modulus  of  project  size  for  a  given  oper¬ 
ation  is  important  for  several  reasons.  First,  the  profitability  of  an 
operation  may  be  improved  if  only  projects  between  the  modulus  and  the 
maximum  efficient  project  size  are  bid.  Second,  for  the  operations 
studied  in  this  section,  project  sizes  below  the  modulus  represented 
approximately  12%  of  the  projects  that  the  company  would  be  permitted 
to  bid  if  the  company's  surety  set  a  maximum  project  size  at  50%  of  the 
bonding  capacity  (which  is  not  recommended  in  the  previous  section). 

If  a  company  decides  not  to  bid  projects  below  the  modulus,  some  flex¬ 
ibility  is  lost  in  the  market  place.  Third,  the  modulus  could  play  an 
important  role  in  the  desirability  ranking  of  bid  opportunities  in 
portfolio  design.  As  with  the  maximum  efficient  project  size,  the 
modulus  of  project  size  at  this  stage  of  development  may  be  used  at 
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best  as  a  general  guideline  for  examining  bid  opportunities. 


5.2.3  Project  Size  and  Net  Profits 

It  would  appear  to  be  beneficial  for  any  contractor  to  under¬ 
stand  the  impact  that  project  size  may  have  on  company  net  profits. 

The  concepts  presented  in  the  previous  two  subsections  and  those  of 
Larew  and  Grieve  may  be  combined  as  shown  in  Figure  5.25.  Five  levels 
of  project  size  of  significant  importance  are  identified:  the  low 
breakeven  project  size  (A),  the  modulus  of  project  size  (B),  the  opti¬ 
mum  project  size  (C),  the  maximum  efficient  project  size  (D),  and  the 
high  breakeven  project  size  (E).  An  optimum  project  size  may  be  iden¬ 
tified  only  for  certain  market  conditions;  therefore,  the  relationship 
between  net  profits  and  project  size  may  be  more  or  less  peaked  between 
the  modulus  of  project  size  and  the  maximum  efficient  project  size,  as 
shown  by  the  dotted  line  in  Figure  5.25.  The  high  breakeven  project 
size  is  found  by  extending  the  curves  used  to  determine  the  maximum 
efficient  project  size  as  shown  in  Figure  5.19.  It  is  important  to 
note  that  the  contractor's  surety  and  banker  may  never  allow  the  con¬ 
tractor  to  undertake  a  project  as  large  as  the  maximum  efficient  proj¬ 
ect  size  or  the  high  breakeven  size.  The  primary  intent  of  examining 
and  mentioning  these  projects  sizes  is  to  demonstrate  the  impact  of 
project  size  on  net  profits  over  the  entire  range  of  project  sizes  that 
the  contractor  may  bid  without  external  constraints.  While  most  con¬ 
struction  work  requires  that  the  contractor  is  fully  bonded,  a  con¬ 
tractor  may  pursue  unbonded  work  if  he  can  find  it,  and  the  high  break¬ 
even  project  size  may  be  a  factor  to  consider. 
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NET  PROFITS 


A  =  Low  breakeven  project  size 
B  =  Modulus  of  project  size 
C  =  Optimum  project  size 
L)  -  Maximum  efficient  project  size 
E  =  High  breakeven  project  size 


PROJECT  SIZE 

FIGURE  5.25  --  THE  IMPACT  OF  PROJECT  SIZE  ON  NET  PROFITS 
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Once  these  five  levels  of  project  size  have  been  identified,  a 
contractor  may  establish  a  rule-of-thumb  priority  system  for  ranking 
the  relative  desirability  of  bidding  opportunities  solely  with  respect 
to  project  size.  Four  priority  levels  of  project  size  are  suggested 
in  Figure  5.25: 

1 .  Highly  desi rable, 

2.  Moderately  to  highly  desirable, 

3.  Moderately  desirable  to  undesirable, 

4.  Totally  undesirable. 

These  priority  levels  are  suggested  only  as  an  example  and  the  total 
range  of  permissible  project  sizes  may  be  divided  into  as  many  priority 
levels  as  desired.  Individual  priority  levels  may  also  be  weighted  in 
some  manner  in  the  evaluation  of  the  total  desirability  of  a  bid  oppor¬ 
tunity.  Project  size  is  of  course  not  the  only  factor  to  consider  in 
determining  which  opportunities  to  competitively  bid.  Such  factors  as 
project  location,  the  quality  of  design  and  contract  documents,  the 
type  of  contract,  the  sophistication  of  the  owner,  the  Architect/Engin¬ 
eer,  the  level  of  competition,  etc.,  provide  additional  inputs  for  the 
analytical  or  conceptual  ranking  of  bid  opportunities.  Project  size 
is,  however,  an  important  variable  to  consider  in  the  design  and  plan¬ 
ning  of  a  market  strategy  aimed  at  maximizing  net  profits  in  a  competi¬ 
tively  bid  environment. 

5.3  The  Optimum  Markup 

The  previous  sections  in  this  chapter  discussed  the  results  of  ex¬ 
periments  in  the  areas  of  capitalization  and  project  size.  A  problem 
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beyond  the  scope  of  research  as  stated  in  Section  4.4  was  encountered 
while  trying  to  determine  if  the  M*  markup  should  be  modified  with  re¬ 
spect  to  the  backlog  of  work.  As  a  result,  this  issue  is  not  addressed 
in  this  section.  This  section  reports  the  preliminary  results  of  ex¬ 
periments  designed  to  improve  the  M*  bidding  policy  by  simulating  a 
competitive  market  with  the  BACKLOG  program. 

The  distribution  of  the  low  bidder's  perceived  markup  versus  proj¬ 
ect  size  for  the  first  market  studied,  Market  C,  is  shown  in  Figure 
5.26,  and  the  distribution  of  the  residuals  around  the  fitted  line, 

M  =  A  +  CX  ,  versus  project  size  is  shown  in  Figure  5.27.  These  two 
plots  were  obtained  using  the  MAG  program.  The  reader  should  note  that 
the  low  bidder's  perceived  markup  ranges  from  -  20%  to  80 %  when  the  con 
tractor's  estimated  project  size  is  $100,000.  The  low  bidder's  per¬ 
ceived  markup  for  this  market  is  expressed  by  the  following  equation 
(the  fitted  line): 

M  =  0.099439  +  0.660058(X)'0,361249  +  R(p)  (5.1) 

The  following  information  describes  the  R(p)  term  in  the  above  equa¬ 
tion: 

Residuals  Mean  (Ml)  =  0.0, 

Second  Central  Moment  (M2)  =  0.054148, 

A1pha3  Table  Index  (skewness)  =  0.20,  and 
Alpha4  Table  Index  (kurtosis)  =  2.60. 

The  optimum  markup,  M*,  for  this  market  is  expressed  by  the  following 
equation: 
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FIGURE  5.26  —  PERCEIVED  MARKUP  VERSUS  PROJECT  SIZE  FOR  MARKET  C 
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M*  =  0.228748  +  0.424572(X) 


(5.2) 


-0.316734 


For  a  project  size,  X,  equal  to  $100,000,  the  optimum  markup  found 
using  the  above  equation  is  32.75%.  Table  5.1  presents  the  results  of 
experiments  run  using  the  BACKLOG  program  where  the  optimum  markup  is 
varied  by  varying  the  parameter.  A,  in  the  M*  equation.  The  first 
column  in  this  table  indicates  the  sequence  in  which  the  experiments 
were  run.  In  the  first  set  of  runs,  M*  was  increased  in  9  increments 
up  to  M*  plus  15%,  from  32.75%  to  47.75%.  Each  incremental  increase  in 
M*  resulted  in  increased  net  profits.  A  second  set  of  experiments  were 
run  where  M*  was  increased  20%,  30%  and  40%.  These  experiments  showed 
that  profits  increased  at  M*  plus  20%  and  M*  plus  30%  but  decreased 
significantly  for  M*  plus  40%.  A  third  set  of  experiments  were  run  to 
determine  the  markup  at  which  net  profits  were  maximized  according  to 
the  BACKLOG  program.  It  was  found  that  net  profits  for  the  firm  in 
this  market  were  maximized  at  a  markup  equal  to  60.75%.  It  is  noted 
that  this  markup  is  28%  higher  than  the  optimum  markup  found  by  expec¬ 
tancy  pricing,  and  that  net  profits  at  this  markup  are  79%  greater  than 
net  profits  at  the  M*  markup. 

A  second  set  of  experiments  were  run  for  a  more  competitive  market, 
Market  E.  The  distribution  of  the  low  bidder's  perceived  markup  versus 
project  size  for  this  market  is  shown  in  Figure  5.28,  and  the  distribu¬ 
tion  of  the  residuals  around  the  fitted  line  versus  project  size  is 
shown  in  Figure  5.29.  The  low  bidder's  perceived  markup  in  this  market 
ranges  from  15%  to  27%  when  the  contractor's  estimated  project  size  is 
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TABLE  5.1 


RESULTS  FOR  MARKET  C 


Set 

Inc. 

Markup 

(%) 

f/Bid 

#Won 

Bid/Get 

Ratio 

Net  Profits 
( $1 000 1 s ) 

1 

M* 

32.75 

252 

85 

2.9647 

■EES 

u 

1 1 

33.75 

263 

85 

3.0904 

■m 

2% 

34.75 

283 

85 

3.3294 

1500 

00/ 

J  /O 

35.75 

285 

85 

3.3529 

1566 

4% 

36.75 

292 

85 

3.4353 

1628 

H 

5% 

37.75 

320 

85 

3.7647 

1673 

H 

7% 

39.75 

365 

85 

4.2941 

1771 

i 

9% 

41.75 

407 

85 

4.7832 

1871 

D 

12% 

44.75 

476 

85 

5.6000 

2017 

n 

15% 

47.75 

581 

85 

6.8353 

2132 

D 

20% 

52.75 

849 

85 

9.9880 

2246 

D 

22% 

54.75 

913 

85 

10.7412 

2328 

D 

24% 

56.75 

1012 

85 

11.9059 

2381 

n 

26% 

58.75 

1114 

85 

13.1059 

2431 

— 

3 

28% 

60.75 

1271 

85 

14.9529 

2486 

2 

30% 

62.75 

1519 

85 

17.8706 

3 

32% 

64.75 

1826 

85 

21.4823 

3 

36% 

68.75 

2132 

66 

32.3030 

2 

40% 

72.75 

2132 

37 

57.6200 

679 
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1 1 2 


$100,000.  The  low  bidder's  perceived  markup  for  this  market  is  ex¬ 
pressed  by  the  following  equation: 

M  =  0.049009  +  Q . 31 3544(X) -0 • 1 5671 2  +  R(p)  (5.3) 

The  following  information  describes  the  R(p)  term  in  the  above  equation 
Residuals  Mean  (Ml)  =  0.0, 

Second  Central  Moment  (M2)  »  0.000619, 

Alpha3  Table  Index  (skewness)  =  0.20,  and 
Alpha4  Table  Index  (kurtosis)  =  2.60 
The  optimum  markup,  M*.  for  this  market  is  expressed  by  the  following 
equation: 

M*  =  0.038066  +  0.304776(X)'°‘ 175566  (5.4) 

For  a  project  size,  X,  equal  to  $100,000,  the  optimum  markup  found 
using  the  above  equation  is  17.38%.  Table  5.2  presents  the  simulation 
results  for  this  market  with  the  cost  of  estimating  function: 

Cg  =  0.15(X)°* 375  (5.5) 

Table  5.3  presents  the  simulation  results  for  this  market  with  the  cost 
of  estimating  function: 

Ce  =  0.30(X)0’375  (5.6) 
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TABLE  5.2  --  RESULTS  FOR  MARKET  E,  Cg= . 1 5(x) * 


Increment 

(%) 

Markup 

(%) 

#  Bid 

ff  Won 

Bid/Get 

Ratio 

Net  Profits 
(SlOOO's) 

M* 

17.38 

96 

85 

1.1294 

477 

+  .5% 

17.88 

101 

85 

1.1882 

507 

+1 . 0 % 

18.38 

107 

85 

1.2588 

536 

19.38 

135 

85 

1.5882 

580 

+3.2% 

■ 

212 

85 

2.4941 

597 

+3.4% 

mmm 

213 

85 

2.5059 

610 

+3.6% 

20.98 

223 

85 

2.6235 

615 

mgmm 

21.08 

243 

85 

2.8588 

605 

21.18 

250 

85 

2.9412 

606 

+4 . 0% 

21.38 

272 

85 

3.2000 

601 

+4.2% 

21.58 

285 

85 

3.3529 

603 

+4 . 4% 

21.78 

322 

85 

3.7882 

586 

+6 . 0% 

23.38 

866 

85 

10.188 

236 
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The  markup  which  maximizes  net  profits  for  the  firm  is  not  the  same  for 
the  above  sets  of  experiments,  but,  according  to  expectancy  pricing, 
only  one  markup  will  maximize  net  profits  for  a  given  project  size. 

The  optimum  markup  for  the  first  set  of  experiments  is  20.98%  (M*  plus 
3.6%)  while  the  optimum  markup  for  the  second  set  of  experiments  is 
19.18%  (M*  plus  1.8%).  Net  profits  at  these  markups  are  29%  and  18% 
higher,  respectively,  than  net  profits  bidding  at  to*. 

The  results  of  the  above  experiments  show  that  the  optimum  markup 
found  by  any  expectancy  pricing  bidding  strategy  is  not  always  the 
markup  that  maximizes  net  profits  for  a  firm.  A  model  was  developed 
that  maximizes  net  profits  for  a  given  production  capacity  (i.e.  a 
known  monthly  mean  work  completion  rate).  (16)  (It  is  recommended 
that  the  reader  review  Appendix  A  if  he/she  is  unfamiliar  with  expec¬ 
tancy  pricing  and  the  M*  bidding  strategy.)  The  development  of  this 
new  model  is  outlined  in  the  following  paragraphs. 

If  it  is  assumed  that  true  costs  equal  estimated  costs,  net  prof¬ 
its  for  a  project  may  be  considered  to  equal  the  markup  applied  to  the 
cost  estimate  minus  the  costs  of  overhead.  This  relationship  for  the 
M*  bidding  policy  is  shown  in  the  following  equation: 

C 

7r  =  (A  +  CXK  +  R(p) )  -  C0]  -  (5>7) 

where:  tt  =  Net  profits, 

A  +  CXK  +  R(p)  =  Markup, 
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C„.  =  Cost  of  overhead  function  for  any  overhead  that  does 
not  vary  with  the  bid/get  ratio,  and 

Cn2  =  Cost  of  overhead  function  for  any  overhead  that 
varies  with  the  bid/get  ratio. 

CQ2  is  equivalent  to  the  costs  of  estimating  for  experiments  run  in 
this  section  since  it  is  known  that  these  costs  vary  with  the  bid/get 
ratio.  It  is  noted  that  the  M*  bidding  strategy  is  the  only  bidding 
strategy  in  the  construction  literature  that  addresses  these  variable 
costs. 

According  to  the  expectancy  pricing  theory,  expected  net  profits 
are  found  by  the  following  equation: 

E(tt)  =  (A  +  CXK  +  R( p) ) ( 1  -  p)  -  CQ1(1  -  p)  -  Cq2  (5.8) 


where:  E( rr)  =  Expected  net  profits,  and 

(1  -  p)  =  Probability  of  winning  a  project  associated  with  the 
above  markup. 

The  optimum  markup  (M*)  may  be  found  by  setting  the  derivative  of  the 
equation  equal  to  zero,  solving  for  p*  (the  optimum  value  of  p)  and 
then  finding  the  markup  that  is  associated  with  p*.  While  this  markup 
maximizes  the  average  net  profits  per  bid  submitted,  it  is  not  the 
markup  that  maximizes  net  profits  for  the  firm  (see  the  last  column  in 
Tables  5.1,  5.2,  and  5.3). 

The  experiments  presented  above  suggest  that  a  contractor  should 
not  strive  to  maximize  expected  net  profits  using  Eq.  5.8.  Instead, 
the  contractor  should  strive  to  maximize  net  profits  using  Eq.  5.7. 
Taking  the  derivative  of  Eq.  5.7  with  respect  to  p  and  setting  it  equal 
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to  zero  we  find  that: 


ap«p»  - 


(1 


(5.9) 


where:  g-  (R(p))  =  The  derivative  of  the  probability  density  func- 

p  tion  describing  the  distribution  of  the  low  bid- 

er's  perceived  markup. 

The  expression,  ( R( p ) ) ,  is  equivalent  to  (14:44) ,  therefore, 

the  above  equation  may  be  expressed  as: 


mm 


“02 


0  -  P>‘ 


(5.10) 


Values  for  f(R(p))  for  the  two  markets  studied  in  this  section  are  pre¬ 


sented  in  Tables  5.4  and  5.5.  Table  5.6  shows  the  results  of  the  ex- 

Cr 


1 


'02 


for  each 


periments  for  market  C  and  the  values  of  and 

f(R(p))  .  p)‘ 

level  of  markup.*  It  is  noted  that  the  optimum  markup,  60.75%,  found 

by  simulation  is  the  markup  that  approximately  satisfies  the  above 

1  ^02 

equation.  (See  Appendix  F  for  a  plot  of  ^rorrrr  arid  - ^  for  mar- 


fW 


(1  -  p)‘ 


kets  C  and  E) . 

Tables  5.7  and  5.8  show  the  results  of  the  experiments  for  market 
1  ^02 

E  and  the  values  of  g7-nwn~  and  - .  While  the  simulation  re- 

mv))  o  -  p)2  375 

suits  indicate  that  the  optimum  markup  is  20.98%  when  C  =  0 . 15(  X)  *  , 

the  above  expression  is  approximately  satisfied  at  a  markup  of  21.18%. 
375 

When  C02  =  0  .3Q(X)'  ,  the  above  expression  is  approximately  satisfied 

at  a  markup  of  19.78%  while  simulation  results  indicate  that  the 

*C. ?  Is  expressed  in  dollars  in  the  BACKLOG  program  and  must  be 
dividedu^by  project  size  (100)  to  obtain  the  values  in  Tables  5.6,  f.7 
and  5.8. 
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TABLE  5.4  --  P  AND  f(R(p))  FOR  MARKET  C 


p 

f(R(p)) 

.01 

.159935 

.02 

.203313 

.03 

.391127 

.04 

.487913 

.05 

.575976 

.06 

.656765 

.07 

.731295 

.00 

.800320 

.09 

.864459 

.10 

.924171 

.11 

.979864 

.  12 

1.03180 

.13 

1.08049 

.14 

1.12597 

.15 

1.16852 

.16 

1.20834 

.17 

1 .24560 

.18 

1  •  28046 

.19 

1.31305 

.20 

1.34350 

.21 

1.37192 

.22 

1.39842 

.23 

1.42308 

.24 

1 .44600 

.25 

1.46726 

.26 

1.486 92 

.27 

1.50505 

.20 

1.52173 

.29 

1.53699 

.30 

1.55091 

.31 

1.56352 

.3? 

1.57488 

.33 

1  . 58502 

P 

f(R(p)) 

.34 

1.59399 

.35 

1 .60182 

.36 

1  .60856 

.37 

1 .61422 

.38 

1  .61885 

.39 

1.62247 

.40 

1 .62510 

.41 

1.62678 

.42 

1  .62752 

.43 

1 .62735 

.44 

1 .62623 

.45 

1.62434 

.46 

1.62155 

.47 

1 .61791 

.48 

1 .61344 

.49 

1  .60817 

.50 

1.60209 

.51 

1.59523 

.52 

1.58758 

.53 

1.57917 

.54 

1.57000 

.55 

1 . 56008 

.56 

1.54941 

.57 

1.52585 

.58 

1.52585 

.59 

1  .51297 

.60 

1.49936 

.61 

1.48503 

.62 

1 .46996 

.63 

1  .4541  7 

.64 

1.43765 

.65 

1 .42040 

.66 

1 .40241 

P 

f( R(p)) 

.67 

1.38368 

.68 

1.36420 

.69 

1.34397 

.70 

1 .32297 

.71 

1.30120 

.72 

1.27864 

.73 

1.25523 

.74 

1.23110 

.75 

1  .20608 

.76 

1 . 18020 

.77 

1.15345 

.78 

1.12578 

-79 

i .09717 

.80 

1.06758 

.81 

1.03698 

.82 

1.00531 

.83 

.972530 

.84 

.938572 

.85 

.903367 

.86 

.866835 

.87 

.328879 

.88 

.789385 

.89 

.748215 

.90 

. 705204 

.91 

.660146 

.92 

.612778 

.93 

.562765 

.94 

.509563 

.95 

.452810 

.96 

.391303 

.97 

.323626 

.98 

.247011 
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TABLE  5.5  --  P  AMD  f(P.(o))  FOR  MARKET  E 


p 

f(R(p) ) 

.01 

1.49575 

.02 

2.64961 

.03 

3.65791 

.04 

4.56308 

.05 

5.38667 

.06 

6.14222 

.07 

6.83926 

.08 

7.48485 

.09 

8.08462 

.10 

8.64307 

.11 

9.16390 

.12 

9.65034 

.13 

10.1050 

.14 

10.5303 

.15 

10.9283 

.16 

11.3007 

.17 

11.6492 

.18 

11.9752 

.19 

12.2800 

.20 

12.5648 

.21 

12.8306 

.22 

13.0784 

.23 

13.3090 

.24 

13.5234 

.25 

1 3 . 722 1 

.26 

13.9060 

.27 

14.0756 

.28 

14.2315 

.29 

14.3743 

.30 

14.5045 

.31 

14.6224 

.32 

14.7286 

.33 

14.8235 

H 

f(R(p)) 

.34 

14.9074 

.35 

14.9806 

.36 

15.0436 

.37 

15.0966 

.38 

15.1399 

.39 

15.1737 

.40 

15.1983 

.41 

15.2140 

.42 

15.2210 

.43 

15.2193 

.44 

15.2094 

.45 

15.1912 

.46 

15.1651 

.47 

15.1311 

.48 

15.0893 

.49 

15.0400 

.50 

14.9831 

.51 

14.9189 

.52 

14.8475 

.53 

14.7688 

.54 

14.6830 

.55 

14.5902 

.56 

14.4904 

.57 

14.3837 

.58 

14.2701 

.59 

14.1497 

.60 

14.0224 

.61 

13.8883 

.62 

13.7475 

.63 

13.5998 

.64 

13.4453 

.65 

13.2839 

.66 

13.1157 

IB 

f(R(p)) 

.67 

32.9405 

.68 

12.7583 

.69 

12.5691 

.70 

12.3727 

.71 

12.3691 

.72 

1  1.9581 

.73 

31.7396 

.74 

11.5135 

.75 

31.2795 

.76 

11.0376 

.77 

10.7873 

.78 

10.5285 

.79 

10.2610 

.80 

9.98428 

.81 

9.69807 

.82 

9.40191 

.83 

9.09533 

.84 

8.77775 

.85 

8.44851 

.86 

8.10685 

.87 

7.75187 

.88 

7.38251 

.89 

6.99749 

.90 

6.59524 

.93 

6.17384 

.92 

5.73085 

.93 

5.26311 

.94 

4 .76639 

.95 

4.23479 

.96 

3.65956 

.97 

3.02662 

.98 

2.31011 
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TABLE  5.6  -- 


ANALYSIS  FOR  MARKET  C 


Incr . 

(1-p) 

P 

Net 

1 

C02 

Prof i ts 

(1-P)2 

M* 

.3373 

.6627 

1390 

.7131 

.0741 

+  1.0',: 

.3232 

.6768 

1449 

.7330 

.0808 

+2.  or', 

.3004 

.6996 

1500 

.7559 

.0935 

+  3.0' 

.2982 

.7018 

1566 

.7559 

.0948 

+4 . 0°; 

.2911 

.7089 

1628 

.7685 

.0995 

+5.0% 

.2656 

.7344 

1673 

.7966 

.1196 

+7 . 0% 

.2329 

.7671 

1771 

.8670 

.1555 

+9.0% 

.2088 

.7912 

1871 

.9114 

.1934 

+12.0% 

.1786 

.8214 

2017 

.9947 

.2645 

+15.0% 

.1463 

.8537 

2132 

1.1070 

.3941 

+20.0% 

.1001 

.8999 

2246 

1 .4180 

.8415 

+22.0% 

.0931 

.9069 

2328 

1.4858 

.9732 

+24.0% 

.0840 

.9160 

2381 

1.5851 

1.1957 

+26 . 0% 

.0763 

.9237 

2431 

1.6855 

1 .4488 

+28.0% 

.0669 

.9331 

2486 

1.8348 

1 .8860 

+30.0% 

.9440 

2415 

2.0616 

2.6938 

+32.0% 

• 

.9534 

2405 

2.3282 

3.8927 

+36.0% 

.0310 

.9690 

2311 

3.0387 

8.8019 

+40.07, 

.0174 

.9826 

679 

4.0484 

28.007 
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TABLE  5.7  --  ANALYSIS  FOR  MARKET  E,  Cn2= . 1 5( x ) '  375 


Incr . 

( 1  -P ) 

P 

Net 

Prof i ts 

mm 

C02 

■ 

(1-P)2 

M* 

.8854 

.1146 

477 

.1064 

.0108 

+  .5% 

.8416 

.1584 

507 

.0885 

.0120 

+1.0°/ 

.7944 

.2056 

536 

.0795 

.0134 

+2 . 0°/ 

.6296 

.3704 

580 

.0662 

.0213 

+3.2% 

.4009 

.5991 

597 

.0712 

.0514 

+3.4% 

.3991 

.6009 

610 

.0713 

.0527 

+3.6% 

.3812 

.6188 

615 

.0726 

.0578 

+3.7% 

.3498 

.6502 

605 

.0753 

.0689 

+  3.8% 

.3400 

.6600 

606 

.0762 

.0730 

+4 . 0% 

.3125 

.6875 

601 

■a 

.0867 

+4.2% 

.2982 

.7018 

603 

■EH 

.0944 

+4 . 4% 

.2640 

.  7360 

586 

.0862 

.1210 

+6 . 0% 

.0982 

.9018 

236 

.1537 

.8786 
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TABLE  5.8  --  ANALYSIS  FOR  MARKET  E,  C02=.30(x) “ 


Incr . 

(1-P) 

P 

Net 

Prof  i ts 

m 

C02 

(1-P)2 

M* 

.8854 

.1146 

389 

.1064 

.0215 

+  .5% 

.8416 

.1584 

415 

.0885 

.0239 

+  1.0" 

.7944 

.2056 

439 

.0795 

.0268 

+  1.62 

.7143 

.2857 

459 

.0699 

.0331 

+1.82 

16693 

.3307 

459 

.0675 

.0375 

+2.02 

.6296 

.  3704 

450 

.0662 

.0426 

i  9  _  2\' 

.5667 

.4333 

443 

.0657 

.0523 

+2.42 

.5151 

.4849 

436 

.0664 

10636 

+2 . 5°' 

.4722 

.5278 

418 

.0676 

.0757 

+2.6% 

.4645 

.5355 

419 

.0679 

.0780 

+2.82 

.4404 

.5596 

416 

.0690 

.0871 

+3.0% 

.4048 

.5952 

401 

.0707 

.1029 

+4 . 0% 

.3125 

.6875 

364 

.0793 

.1734 

+5.02 

.1981 

.8019 

168 

.1537 

1.753 

4 
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optimum  markup  is  19.18%. 


Prior  to  the  above  experiments,  it  was  suggested  that  the  key 
for  success  in  a  competitively  bid  market  include: 

1.  VARIABLE  COSTS  --  Costs  that  vary  with  the  bid/get  ratio, 

2.  MARKET  PRICE  --  Project  size  and  the  distribution  of  residual 
markups  around  a  fitted  line  describing  the  relationship  between  the 
low  bidder's  perceived  markup  and  the  contractor's  estimated  project 
size, 

3.  MARKETING  CAPACITY  --  The  arrival  rate  of  bidding  opportunities 
known  by  the  contractor, 

4.  PRODUCTION  CAPACITY  --  The  relationship  between  the  mean  month¬ 
ly  work  completion  rate  and  the  backlog  of  work  for  the  enterprise,  and 

5.  ESTIMATING  CAPACITY  --  The  ability  of  the  contractor  to  hire 
qualified  estimators  such  that  an  increase  in  the  bid/get  ratio  can  be 
handled.  (16) 

The  results  in  this  section  indicate  that  the  above  are  definitely  the 
key  factors  that  must  be  considered  in  the  development  of  a  competitive 
bidding  strategy.  It  is  noted  that  Eq.  5.10  does  not  consider  econo¬ 
mies  or  diseconomies  of  scale  that  may  be  associated  with  the  costs  of 
securing  additional  bidding  opportunities  (i.e.,  it  is  implicitly 
assumed  that  these  costs  are  linear).  It  has  been  suggested  that  these 
marketing  costs  may  be  non-linear  and  that  Eq.  5.10  can  be  further  gen¬ 
eralized  for  this  condition. 

The  experiments  and  models  developed  in  this  section  indicate  that 
expectancy  pricing  theory  is  invalid,  and  that  a  contractor  will  maxi¬ 
mize  net  profits  in  a  competitively  bid  market  when  marketing  costs  are 
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linear  by  satisfying  the  relationship: 


*TR(p)) 


CQ2 

0 


5.4  Summary 

This  chapter  has  reported  and  discussed  the  writer's  major  experi¬ 
mental  results  and  studies.  In  summary,  it  was  found  that: 

1.  An  optimum  level  of  capitalization  can  be  identified  for  a 
given  operation  using  the  backlog  model, 

2.  The  backlog  model  and  level  of  capitalization  should  be  consid¬ 
ered  in  the  establishment  of  a  firm's  bonding  capacity, 

3.  The  level  of  capitalization  self-adjusts  to  the  unknown  optimum 
level  of  capitalization  if  a  contractor  is  unaware  of  the  relationship 
between  W  and  U, 

4.  The  backlog  model  can  be  used  to  determine  the  optimum  mix  or 
operating  and  working  capital  for  a  given  operation, 

5.  A  maximum  efficient  project  size  can  be  identified  for  a  given 
operation, 

6.  A  modulus  of  project  size  can  be  identified  for  a  given  opera¬ 
tion,  and 

7.  Expectancy  pricing  theory  is  invalid.  The  optimum  markup  for  a 
given  market  condition  can  be  found  by  the  variable  costs  methodology. 
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CHAPTER  6 


CONCLUSIONS  AND  RECOMMENDATIONS  FOR 
FUTURE  RESEARCH 

The  first  section  in  this  chapter  summarizes  the  writer's  conclu¬ 
sions  concerning  the  results  of  experiments  and  studies  reported  in 
Chapter  5.  This  discussion  is  followed  by  recommendati ons  for  future 
research  that  have  evolved  from  the  studies  and  findings  in  this  thesis. 

6.1  Cone! usions 

The  scope  of  the  first  area  of  research  in  this  thesis  was  out¬ 
lined  in  Section  4.4  by  the  following  questions: 

Can  the  backlog  model  be  used  to  explore  organiza¬ 
tional  financial  design?  Does  an  optimum  level  of 
capitalization  exist  for  an  operation  with  a  pre¬ 
determined  bonding  capacity?  Does  an  optimum  level 
of  capitalization  exist  when  bonding  capacity 
varies  with  the  level  of  capitalization?  Can  the 
model  be  used  to  determine  how  much  working  capital 
should  be  allocated  to  field  operations? 

The  results  of  the  experiments  and  studies  reported  in  Section  5.1  lead 
this  writer  to  conclude  that  the  backlog  model  is  valid  (useful)  for 
studying  the  above  issues.  Experiments  showed  that  an  optimum  level  of 
capitalization  can  be  identified  using  the  model  for  any  given  opera¬ 
tion  and  set  of  constraints.  The  descriptive  power  of  the  model  was 
shown  by  the  identification  of  a  self-adjusting  principle.  The  appli- 
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cation  of  this  principle  to  the  study  of  an  actual  company  operation 
provided  valuable  insight  into  the  relationship  between  the  mean  month¬ 
ly  work  completion  rate  and  the  backlog  of  work  and  suggested  that  the 
principle  can  be  a  powerful  tool  in  describing  the  impact  of  changes  in 
the  above  relationship,  reasons  for  low  profits  and  apparent  ineffi¬ 
ciencies  in  operations,  etc.  The  issue  of  financial  design  was  only 
briefly  discussed;  however,  the  model  holds  great  potential  for  deter¬ 
mining  how  working  capital  should  be  allocated  to  field  operations,  how 
working  capital  should  be  allocated  to  separate  classes  of  work  for  a 
mul  ti -operation  firm,  etc. 

The  scope  of  the  second  area  of  research  was  outlined  by  the  fol¬ 
lowing  questions: 

Can  the  model  be  used  to  explore  the  impact  of 
project  size  on  company  net  profits?  Does  a 
maximum  project  size  exist  for  a  given  operation 
and  level  of  capitalization? 

Based  upon  the  results  presented  in  Section  5.2,  the  writer  concludes 
that  the  model  can  be  used  to  answer  the  above  questions.  A  maximum 
efficient  project  size  was  identified  for  a  given  operation  based  pri¬ 
marily  on  the  range  of  backlog  over  which  operations  were  efficient. 

The  work  completion  rate  in  this  range  is  not  impacted  by  the  backlog 
model  (Eq.  2.1)  and  is  determined  solely  by  the  work  completion  rate 
function  (Eq.  3.1).  While  this  maximum  efficient  project  size  would 
typically  be  greater  than  the  maximum  project  size  allowed  by  a  con¬ 
tractor's  banker  or  surety,  it  does  provide  additional  insight  into  the 
impact  of  project  size  on  net  profits  and  on  a  firm's  business  strategy. 
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A  second  project  size,  the  modulus  of  project  size,  was  identified 
for  a  variety  of  operations  described  by  the  backlog  model.  The  modu¬ 
lus  of  project  size  takes  on  significant  importance  if  a  firm's  primary 
objective  is  to  maximize  net  profits.  At  project  sizes  lower  than  the 
modulus,  net  profits  decrease  rapidly  to  the  low  breakeven  project  size. 
At  project  sizes  greater  than  the  modulus,  net  profits  increase  only 
marginally  with  increases  in  project  size.  It  would  appear  that  the 
identification  of  the  modulus  of  project  size  could  be  an  important 
factor  in  the  development  of  a  business  strategy. 

The  writer's  original  intent  in  the  third  area  of  research  was  to 

attempt  to  answer  the  following  questions: 

Should  the  optimum  markup  found  by  expectancy 
pricing  be  modified  with  respect  to  the  backlog 
of  work  to  maximize  company  net  profits?  If  so, 
when  and  to  what  degree  should  the  markup  be 
modified? 

The  BACKLOG  program  was  written  in  fact  primarily  to  address  the  above 
issues.  Unfortunately,  these  questions  were  entertained  only  briefly 
during  the  course  of  research.  The  results  of  the  preliminary  experi¬ 
ments  designed  to  seek  answers  to  the  above  questions  raised  an  issue 
beyond  the  original  scope  of  this  thesis: 

Can  the  optimum  markup  found  by  expectancy 
pricing  be  improved  by  simulating  a  competitive 
.  bidding  environment  with  production  and  capital 
constraints  defined  by  the  backlog  model?  If 
so,  why? 

The  writer  concludes  that  pricing  with  the  variable  costs  methodology 
outlined  in  Section  5.3  produces  greater  profits  than  expectancy  pricing. 
This  conclusion  is  also  supported  by  independent  studies  performed  by 
Larew  that  are  not  presented  in  this  thesis.  The  development  of  the 
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variable  costs  methodology  was  possible  for  two  reasons.  First,  the  M* 
bidding  policy  accounted  for  variable  costs  (costs  of  estimating)  in 
the  net  profits  equation  (Eq.  5.7).  The  M*  policy  is  the  only  bidding 
strategy  in  the  construction  literature  that  addresses  these  variable 
costs.  Second,  the  backlog  model  introduced  production  utilization  and 
capacity  in  the  simulation  of  a  competitive  bidding  environment. 

The  writer  does  not  doubt  that  Eq.  5.10  represents  a  generalized 
condition  where  variable  marketing  costs  are  implicitly  assumed  to  be 
linear;  however,  this  equation  does  represent  the  initial  step  in  a 
new  direction  for  analytical  pricing  in  competitively  bid  markets. 


6.2  Recommendations  for  Future  Research 

The  writer  offers  the  following  recommendations  concerning  future 
research: 

1.  The  variable  costs  methodology  as  presented  in  Section  5.3 
needs  to  be  further  refined  and  tested.  The  writer  believes  that  each 
of  the  key  factors  listed  in  Section  5.3  must  be  incorporated  into  a 
general  model  such  that  an  optimum  markup  is  identified  within  the  con¬ 
straints  of  each  factor.  For  example,  Table  5.1  shows  .that  the  con¬ 
tractor  should  bid  1271  projects  in  5  years  at  M*  plus  28%  to  maximize 
net  profits  in  the  given  market.  If  only  600  bidding  opportunities  had 
been  available,  would  the  contractor  have  maximized  net  profits  bidding 
at  M*  plus  1 5%? 
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Most  construction  firms  have  a  limited  amount  of  capital  available 
for  meeting  payroll  expenses,  purchasing  materials,  financing  day-to- 
day  operations,  etc.  Each  of  the  key  factors  mentioned  above  are  sup¬ 
ported  by  the  same  capital  base:  increased  levels  of  estimating  re¬ 
quire  more  capital,  improved  marketing  techniques  require  capital, 
field  operations  require  capital,  etc.  The  writer  believes  that  an  op¬ 
timum  business  strategy  must  balance  these  expenses  such  that  net  prof¬ 
its  for  the  firm  are  maximized.  Linear  programming  may  prove  to  be  a 
useful  tool  for  examining  the  financial  constraints  of  the  key  business 
factors . 

2.  The  writer  strongly  believes  that  the  time  domain  and  its  impact 

on  company  design  should  be  studied.  Figure  6.1  provides  an  example  of 

where  time  may  impact  the  decision  making  process  and  direction  of  a 

firm.  This  figure  shows  a  predicted  slump  in  a  firm's  backlog  in  the 

near  future.  The  contractor  is  faced  with  questions,  such  as: 

Should  the  production  capacity  for  the  firm  be 
permanently  lowered  to,  say,  level  A  to  minimize 
the  negative  impacts  of  a  highly  variable  back¬ 
log,  e.g.,  hiring  and  firing  of  personnel,  short 
term  equipment  rentals,  idle  equipment  during 
slumps,  etc.? 

Should  the  optimum  markup  be  lowered  to  obtain  a 
sufficient  volume  of  work  at,  say,  level  B? 

Should  top  executives  temporarily  lower  field 
***  capitalization  at,  say,  tine  C  and  invest  in 

other  business  ventures? 

The  writer  believes  that  the  time  domain  should  be  studied  using  the 
backlog  model  and  adapted  manufacturing  techniques,  such  as  production 
smoo  th i ng . 
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BACKLOG 


TIME 

FIGURE  6.1  --  BACKLOG  VERSUS  TIME 
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3.  The  backlog  model  appears  to  be  a  powerful  tool  that  may  be 
used  to  examine  a  wide  variety  of  issues  facing  the  construction  firm 
decision  maker.  The  writer  believes  that  the  model  needs  to  be  further 
refined  and  tested  in  the  field  before  an  accurate  evaluation  of  the 
model's  potential  can  be  made.  Basic  definitional  problems  must  be 
solved,  and  each  variable  and  parameter  in  the  backlog  model  (Eq.  2.1) 
and  the  work  completion  rate  function  (Eq.  3.1)  should  be  studied. 

4.  The  issue  of  the  impact  of  project  size  on  net  profits  needs  to 
be  further  studied.  Statistical  relationships  between  the  five  levels 
of  project  size  outlined  in  Section  5.2.3  and  variables,  such  as  the 
costs  of  estimating  and  overhead,  should  be  developed.  These  milestone 
project  sizes  could  then  be  easily  determined  for  any  given  operation. 

5.  Using  the  variable  costs  methodology,  it  should  be  determined 
if  the  practice  of  modifying  the  optimum  markup  with  respect  to  the 
backlog  of  work  is  self-defeating.  Insight  gained  from  the  research  in 
this  thesis  leads  the  writer  to  believe  that  it  is  self-defeating  to 
increase  the  markup  at  high  levels  of  backlog;  however,  several  ex¬ 
periments  and  the  self-adjusting  principle  lead  the  writer  to  believe 
that  the  markup  should  be  decreased  when  the  backlog  of  work  decreases 
to  a  point  where  operations  become  inefficient. 
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APPENDIX  A 


THE  M*  AND  M**  BIDDING  STRATEGIES 

The  BACKLOG  computer  program  compares  two  bidding  strategies  over 
a  specified  period  of  time  while  constraining  company  operations  with 
the  backlog  of  work  model.  Figure  4.1  showed  that  the  M*  bidding  strate¬ 
gy  implicitly  assumes  that  the  company  operates  with  a  constant  work 
completion  rate.  The  M**  bidding  strategy  is  a  modification  of  the  M* 
strategy  and  incorporates  the  constraints  of  the  backlog  of  work  model, 
as  shown  in  Figure  4.2,  in  the  general  bidding  strategy.  This  appendix 
presents  a  brief  discussion  of  these  bidding  strategies.  The  works  of 
Larew  (13),  Fantozzi  (8),  Ludolph  (18),  Frost  (9),  Grieve  (10)  and 
Ricer  (23)  should  be  referenced  for  a  thorough  study  of  the  development, 
refinement  and  applicability  of  the  M*  bidding  strategy. 

A . 1  The  M*  Bidding  Strategy* 

Pricing  studies  performed  by  Larew  (14)  indicate  that  1)  markups 
of  competitors  may  be  expressed  as  a  function  of  project  size,  2)  mark¬ 
ups  may  of  may  hot  be  independent  of  project  size,  and  3)  economies  or 
diseconomies  of  scale  may  exist  in  a  competitively  bid  market.  Based 

*The  format  and  some  conments  in  this  section  were  taken  from  Fan- 
tozzi,  Chapter  2,  Section  2.3.  The  text  is  changed  only  for  clarifica¬ 
tion  and  adaptive  style. 
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on  these  findings,  Larew  developed  an  equation  for  predicting  the  re¬ 
sponse  variable,  markup,  as  a  function  of  the  independent  variable,  es¬ 
timated  cost  (or  estimated  project  size).  The  equation  is: 


M  =  A  +  CXK 


(A.l ) 


where,  M  =  The  markup  as  a  percentage  or  proportion  of  the  estimated 
cost, 

X  =  The  estimated  cost, 

A  =  An  estimate  of  the  constant  percentage  added  to  any  proj¬ 
ect  irrespective  of  project  size, 

C  =  An  estimate  of  the  constant  of  proportionality,  and 

K  =  An  estimate  of  the  economy  of  scale  coefficient. 

Larew  found  that  markups  tend  to  decrease  as  project  size  increases 
with  the  economy  of  scale  coefficient  generally  ranging  from  0  to  -1 . 
These  preliminary  findings  motivated  the  development  of  the  M*  bidding 
strategy. 

Using  the  above  relationship,  one  begins  to  formulate  a  bidding 
policy  by  fitting  the  observed  perceived  markups  of  the  low  bidder  as 
a  function  of  estimated  project  cost  for  all  past  projects  in  a  given 
market  or  class  of  work.  (Obviously,  the  contractor  with  no  informa¬ 
tion  of  past  competitively  bid  projects  need  not  consider  this  analyti¬ 
cal  procedure  and  must  continue  conceptual  pricing  practices  until  a 
data  base  is  established).  The  perceived  markup  is  found  by  the  rela¬ 
tionship: 


Perceived  Markup 


Low  Bid  -  Our  Cost  Estimate 
Our  Cost  Estimate 


(A. 2) 
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AH  projects,  won  or  lost,  should  be  included  in  the  data  base.  For 
projects  won  by  the  contractor,  the  perceived  markup  represents  the 
actual  markup  applied  to  the  cost  estimate.  For  projects  won  by  a  com¬ 
petitor,  the  perceived  markup  is  a  perception  of  the  competitor's  pric¬ 
ing  policy  with  respect  to  the  contractor's  estimated  cost.  Figure  A.l 

shows  a  plot  of  perceived  markups  versus  estimated  project  costs  and 

K 

the  fitted  line,  M  =  A  +  CX  .  The  relationship  between  the  two  vari¬ 
ables,  M  and  X,  is  statistical  and  residuals  (or  errors)  may  be  associ¬ 
ated  with  each  observation  with  respect  to  the  fitted  line.  Residual 
is  defined  as  the  observed  markup  minus  the  predicted  markup;  thus. 

Residual  =  (Observed  M)  -  (A  +  CXK)  (A. 3) 

The  residuals  represent  some  unexplained  variability  in  the  observa¬ 
tions  and  may  be  approximated  and  described  by  the  R-S  distribution  if 
homoscedasti ci ty  of  the  residuals  is  obtained.  Homoscedasti ci ty  exists 
if  the  mean  of  the  residuals  is  zero  and  the  variance  around  the  fitted 
equation  is  constant  over  the  entire  range  of  the  independent  variable. 
Figure  A. 2  shows  a  residual  plot  where  the  residuals  may  be  considered 
homoscedastic.  The  zero  residual  line  in  this  plot  represents  the 

K 

value  of  the  markup  found  by  the  fitted  equation,  M  =  A  +  CX  .  It  is 
often  difficult  to  visually  test  for  homoscedas’ti  ci  ty  since  data  sets 
are  relatively  small;  however,  one  must  look  for  trends  in  the  residu¬ 
al  plot  to  make  the  assumption  that  homoscedastici ty  does  or  does  not 
exist.  Figure  A. 3  shows  a  residual  plot  where  homoscedastici ty  does 
not  exist.  The  absence  of  homoscedastici ty  requires  further  refinement 
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RESIDUALS 


ESTIMATED  PROJECT  SIZE 


FIGURE  A.l  --  PERCEIVED  MARKUP  VERSUS  ESTIMATED 
PROJECT  SIZE 


0 


ESTIMATED  PROJECT  SIZE 

FIGURE  A. 2  --  HOMOSCEDASTIC  RESIDUALS 
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of  data  and/or  additional  analysis  to  remove  some  unexplained  quantita 
tive  or  qualitative  factor. 

Assuming  homoscedastici ty  exists,  the  predicted  equation  is  im¬ 
proved  by  including  a  description  of  the  residuals,  R(p),  approximated 
using  the  R-S  distribution,  and  the  equation  becomes, 

M  =  A  +  CXK  +  R(p)  (A. 4) 

The  R-S  distribution  is  a  percentile  distribution  that  characterizes  a 
random  variable  as  a  function  of  its  cumulative  probability.  The  dis¬ 
tribution  works  well  in  pricing  studies  since  markup  (a  random  variabli 
is  a  function  of  the  probability  of  winning.  To  use  the  R-S  distribu¬ 
tion,  one  must  first  determine  the  first,  second,  third  and  fourth 
sample  moments  of  the  residuals  around  the  fitted  line,  A  +  CX  ,  and 
then  standardize  (make  dimensionless)  the  third  and  fourth  moments. 

The  third  standardized  moment  is  a  measure  of  the  symmetry  (skewness) 
and  the  fourth  standardized  moment  is  a  measure  of  the  peakedness 
(kurtosis)  of  the  residuals  around  the  fitted  line.  The  impact  of 
these  calculations  may  be  understood  by  examining  the  probability  dis¬ 
tribution  function  (pdf)  of  the  residuals.  Construction  of  the  pdf  ma; 
be  visualized  by  rotating  the  residual  plot,  such  as  the  one  shown  in 
Figure  A. 2,  90  degrees  clockwise  and  mapping  the  residuals  down  to  the 
residual  axis.  One  may  visualize  the  construction  of  a  histogram  for 
the  residuals,  shown  in  Figure  A. 4,  such  that  each  residual  is  mapped 
into  the  appropriate  interval.  The  dotted  line  in  Figure  A. 4  repre¬ 
sents  the  pdf  of  the  residuals.  This  distribution  appears  to  be 
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FIGURE  A. 4  --  HISTOGRAM  OF  RESIDUALS 


negatively  skewed,  thus,  the  third  standardized  moment  will  be  some 
value  less  than  zero  (the  skewness  of  a  symmetrical  distribution,  such 
as  the  normal  distribution,  is  zero).  It  is  very  difficult  to  visually 
estimate  the  peakedness  of  a  distribution;  however,  this  distribution 
appears  to  be  more  peaked  (a  higher  value  of  kurtosis)  than,  for  exam¬ 
ple,  a  normal  distribution.  It  is  emphasized  that,  while  the  pdf  may 
be  constructed  with  the  R-S  distribution  by  taking  the  inverse  of  the 
derivative  of  R(p),  the  cumulative  distribution  function  is  developed 
using  the  R-S  distribution  and  the  above  calculated  moments  since  mark¬ 
up  is  a  function  of  the  probability  of  winning.  The  cdf  is  constructed 
by  iteratively  determining  the  expected  value  of  the  residual  (markup) 
for  various  probabilities  of  occurrence  (from  0  to  1),  as  shown  in  Fig¬ 
ure  A. 5.  The  probability,  p,  may  be  interpreted  as  the  probability  of 
not  winning  a  contract  at  the  corresponding  markup;  therefore,  the 
probability  of  winning  is  (1  -  p) . 

The  above  information  may  now  be  used  to  develop  a  bidding  strate¬ 
gy  aimed  at  maximizing  expected  net  profits.  Net  profits  for  a  project 
may  be  considered  to  equal  the  markup  minus  the  costs  of  overhead  and 
estimating,  and  expectancy  theory  states  that  the  expected  net  profits 
for  a  project  are: 

E(n)  =  (A  +  CXK  +  R(p))(l  -  p)  -  CQ(1  -  p)  -  Ce$t  (A. 5) 

where,  E(ir)  =  Expected  net  profits, 

A  +  CX^  +  R(p)  =  Markup, 

(1-p)  =  Probability  of  winning  at  the  above  markup 
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FIGURL  A.b  --  CUMULATIVE  DENSITY  FUNCTION:  MARKUP 
AS  A  FUNCTION  OF  P 
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C  =  Cost  of  overhead  function,  and 
o 

Cgst  =  of  estimating  function. 

The  expected  net  profits  are  maximum  for  the  above  relationship  when 
^  E ( rr )  =  0.  Taking  the  derivative  of  the  above  equation  and  setting 
it  equal  to  zero  gives: 

(1  -  P)  ^  (R(p))  =  A  +  CXK  +  R(p)  -  CQ  (A. 6) 

The  above  equation  may  be  solved  by  iterating  p  for  any  given  project 
size,  and  the  p  that  satisfies  the  relationship  is  termed  p*.  The  p* 
associated  with  the  residuals  is  also  the  p*  for  the  total  markup  for 
any  given  project  size  since  A  +  CX  is  constant.  The  optimum  markup 
to  bid  for  a  given  project  size  is  therefore: 

M*  =  A  +  CXK  +  R(p*)  (A. 7) 

One  may  obtain  a  general  bidding  policy  over  a  range  of  project  sizes 
by  calculating  M*  at,  say,  20  levels  of  project  size,  and  then  fitting 
these  M*  observations  as  a  function  of  project  size  by  the  equation: 

M*  =  A*  +  C*XK*  (A. 8) 

This  equation  represents  the  M*  bidding  strategy. 
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A . 2  The  M**  Bidding  Strategy 

The  M**  bidding  strategy  is  a  modification  of  the  M*  strategy  that 
recognizes  the  constraints  imposed  on  company  operations  by  the  backlog 
of  work  model .  The  contractor  aware  of  these  constraints,  as  discussed 
in  Chapter  3,  and  currently  tendering  all  competitively  bid  projects 
with  the  M*  policy  may  possibly  improve  his  bidding  strategy  by  attemp¬ 
ting  to  answer  several  questions.  Does  the  backlog  of  work  model  af¬ 
fect  the  mean  work  completion  rate?  If  so,  at  what  levels  of  backlog 
should  the  optimum  markup,  M*,  be  modified  to  account  for  the  con¬ 
straints  imposed  by  the  model?  How  should  M*  be  modified? 

An  understanding  of  the  M**  bidding  strategy  is  best  obtained  by 
visualizing  the  backlog  of  work  model  and  the  constraints  imposed  on 
company  operations.  Figure  A. 6  shows  a  backlog  of  work  curve  for  a 
given  operation.  The  labels  shown  in  Figure  A. 6  correspond  to  the 
labels  used  in  the  BACKLOG  computer  program.  Point  A  is  the  lowest 
backlog  and  point  B  is  the  highest  backlog  at  which  the  mean  work  com¬ 
pletion  rate,  WMAX,  is  maximum  (as  determined  by  the  work  completion 
rate  function).  MAXPRO  is  the  anticipated  range  of  efficient  opera¬ 
tions  and  is  equal  to  B  minus  A.  APRIME  is  the  low  level  of  backlog 
and  BPRIME  is  the  high  level  of  backlog  at  which  M*  is  modified  in  some 
specified  manner  to  account  for  the  current  backlog  of  work.  These 
points  are  found  by  adding  or  subtracting  MAXPRO  x  UPROA  from  point  A 
and  adding  or  subtracting  MAXPRO  x  UPROB  from  point  B.  UPROA  and 
UPROB  are  some  specified  proportions  of  MAXPRO.  The  M*  bidding  strate¬ 
gy  is  used  at  levels  of  backlog  between  APRIME  and  BPRIME,  and  for 
backlogs  outside  this  interval,  one  must  specify  how  M*  will  be 
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modi fied. 


Contractors  typically  increase  the  markup  applied  to  a  cost  esti¬ 
mate  when  their  backlog  of  work  is  high  to  reflect  a  position  that  the 
work  is  desired  but  only  at  a  higher  price.  Conversely,  contractors 
typically  decrease  markup  when  their  backlog  of  work  is  low  to  reflect 
a  relative  desire  or  need  to  obtain  work.  One  may  note  that  for  all 
backlog  of  work  curves,  company  operations  are  impacted  at  low  levels 
of  backlog  since  only  work  that  is  currently  available  or  will  be  avail¬ 
able  in  the  very  near  future  can  be  completed.  There  is  a  great  proba¬ 
bility  at  low  levels  of  backlog  that  secondary  objectives,  such  as 
keeping  key  personnel  employed,  are  elevated  to  primary  objectives  and 
that  maximization  of  net  profits  (the  assumed  primary  objective)  is 
temporarily  removed  from  consideration.  The  backlog  of  work  model  may 
not  aid  the  contractor  suffering  from  a  lack  of  work  unless  these  secon¬ 
dary  objectives  can  be  quantified  in  some  manner.  At  high  levels  of 
backlog,  there  is  a  great  probability  that  these  secondary  objectives 
have  been  satisfied  and  that  a  contractor  will  strive  to  maximize  net 
profits.  The  backlog  of  work  model  and  M**  bidding  strategy  is,  there¬ 
fore,  more  adaptable  to  the  study  of  the  impact  of  the  backlog  of  work 
at  high  levels  of  backlog.  Figure  A.6  shows  that  beyond  the  backlog  at 
point  B,  operations  become  inefficient  with  respect  to  the  mean  work 
completion  rate.  For  example,  at  the  backlog  labelled  Ul ,  the  work 
completion  rate  drops  from  WMAX  to  WU1 .  This  drop  may  be  perceived  as 
an  increase  in  costs  if  it  is  assumed  that  the  modus  operandi  does  not 
change.  One  may  hypothesize  that  personnel  and  equipment  simply  have 
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WORK  COMPLETION  RATE 


too  much  work  to  accomplish  and  are  spread  so  thinnly  that  optimum 
crew  design  and  equipment  utilization  cannot  be  achieved.  If  it  is 
further  assumed  that  material  costs  and  equipment  owning  costs  do  not 
increase,  only  some  proportion  of  the  difference  between  WMAX  and  WUl 
is  lost  due  to  higher  labor  costs  and  equipment  operating  costs.  A 
contractor  does  not  normally  desire  such  a  situation  unless  the  poten¬ 
tial  exists  for  financially  offsetting  these  higher  costs  (i.e.,  the 
project  can  be  bid  and  won  at  a  higher  markup). 

It  should  be  clear  that  the  M**  bidding  policy  is  determined  by  an 
iterative  procedure.  One  must  determine  where  and  to  what  degree  M* 
should  be  altered  to  maximize  net  profits  within  the  constraints  of  the 
backlog  of  work  curve  for  the  given  operation  and  given  market  condi¬ 
tions.  Market  conditions  may  be  very  important  if,  for  example,  the 
bid-get  ratio  is  very  high.  The  probability  of  winning  may  be  very 
sensitive  to  slight  changes  in  the  markup,  and  the  policy  of  increasing 
markup  at  high  levels  of  backlog  may  prove  to  be  self-defeating.  On 
the  other  hand,  there  may  be  cases  where  a  contractor  can  more  than 
offset  cost  overruns  and  potential  increases  in  estimating  costs  by 
increasing  the  markup  applied  to  the  cost  estimate. 
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APPENDIX  B 


USER  DOCUMENTATION 

This  Appendix  presents  information  required  to  use  and  understand 
the  BACKLOG  program.  Figure  B.l  shows  a  sample  BACKLOG  control  deck  to 
include  sample  user  specified  information.  This  control  deck  may  be 
used  only  if  the  BACKLOG  program  is  in  object  mode  on  disk  storage. 

Should  this  mode  not  be  available,  the  card  deck  of  the  program  and  the 
appropriate  job  control  language  must  be  used.  All  disk  storage  re¬ 
quired  by  the  program  is  temporary  and  deleted  at  the  end  of  each  run; 
therefore,  job  control  language  changes  must  be  made  in  the  control 
deck  to  save  output  for  further  computer  analysis  or  other  uses. 

User  inputs  are  outlined  in  Table  B.l.  All  inputs  are  the  results 
of  previous  studies  and  characterize  a  given  company  operation  and  its 
place  in  the  market.  Representative  data  for  the  various  distributions 
may  be  found  in  the  works  of  Larew  (14)  and  graduate  student  theses 
(8,  10,  17). 

Table  B.2  describes  the  printing  and  executing  options  available  to 
the  user.  PRN0P1  (print  option  1)  should  equal  0  or  1  unless  the  simu¬ 
lation  results  are  unreasonable  or  changes  to  the  BACKLOG  program  are 
being  made.  Unreasonable  results  may  be  the  result  of  improperly  de¬ 
veloped  bidding  policies  for  the  contractor  and  the  competitor  (the  low 
bidder),  decimal  or  punching  errors  or  any  number  of  user  input  mistakes. 
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Only  after  all  inputs  have  been  checked  should  the  user  specify  that 
PRNOP1  is  equal  to  2  or  3.  These  options  require  a  great  deal  of  print¬ 
ing  time  and,  generally,  a  large  output;  therefore,  only  one  sample 
should  be  run  (NSAMPL  =  1)  for  no  more  than  12  months  (NMONTH  <  12). 
These  last  two  printing  options  are  also  valuable  in  gaining  an  under¬ 
standing  of  the  program  logic.  A  complete  list  of  program  variables  is 
presented  in  Fable  B.3. 

To  a  large  degree,  the  BACKLOG  program  is  a  bookkeeping  exercise. 
The  actual  simulation  of  a  competitive  market  and  the  various  costs  in¬ 
curred  by  the  contractor  is  fairly  short  and  the  bulk  of  the  program  is 
dedicated  to  keeping  track  of  costs,  projects  won,  projects  in  progress, 
profits  from  projects  completed,  etc.  Bookkeeping  is  performed  in  the 
program  primarily  by  three  arrays:  PR0F1 ,  PR0F2  and  GDIST.  Table  B.4 
presents  a  schematic  array  PR0F1 .  This  200  by  9  matrix  is  used  to  keep 
track  of  all  projects  won  by  the  contractor  bidding  at  M*.  Array  PR0F2 
is  similar  to  array  PR0F1  and  is  used  when  the  contractor  is  bidding  at 
M**.  The  array  GDIST  is  used  to  store  the  distribution  parameters  for 
the  monthly  simulation  results,  and  a  schematic  of  this  array  is  shown 
in  Table  B.5 

Additional  documentation  for  the  BACKLOG  program  is  presented  in 
Appendix  C,  the  program  listing,  and  Appendix  D,  the  program  flowchart. 
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//  JT8  CARD 

//  71 MF*I 2,  I,  REG  I  ON*  l  92K 

/•jOBpARM  L I NtS* 10000,01  SKI 0* 5000, SERVICE ‘EXPRESS 

//  exec  crr,»G 

/  /GO  .  F  T  01  F  001  DO  DSNt  .MON ENT S . DAT  A , D I SP * S HR 

//GO. FTOREOO’  DD  0  SN  *  . D I S T J8 . DA T A  , 

//  UNIT'USERTA.S  PACE* (7Rk  ,  (  10 ,5  I  .RISE  )  , 

//  0:fl-<RECPM*FB,LRFCL=20,BLKSI/E*l200)  , 0  I SP • C ME* , OECET E » 
//GO. FT09F 001  DO  D SN  =  . 3 1 S T09 . DA T A  , 

//  UNir»USERnA,SPACF*<TkK,(10,5  I , R  L  St  I  . 

//  OC  !>- (RECER.EB  ,lRFCt *?J,BLKSI /E*1200) ,OISP* (NEn, DELETE  I 
/  /go  .  f  r  1  o  c  ooi  on  csn*  .0  istio.uata, 

//  UN  I T*USF  PDA,  S  PACF  *  (TRk., (10, 51, RISE  I, 

//  DC«--(»ECEM»FR,t«FCl‘40,bLKSl  7E*2430S  ,  D  5  SP  *  t  NEN  ,  DE  L  tT  E  ) 
//go. tri i fooi  on  dsn*  .o  istu  .  data  , 

//  UM  !  T*USFRf)A,  SPAC  F  *  I  TRK  ,  1  10 ,5  )  ,  R  L  SF  )  , 

//  0Crt*(«l:CFH»FH,tMFCL*4J,tiLKSi/.;*24305 , D I SP * ( NEW . DELE Tt I 
//GO. FT1 2 F001  DO  l)3N*  .0IST12.04TA* 

//  DM  1  T  *11  “if  Rf)  A.  SPAC  t  *  (  TK*.  ,  (  10  ,5  I  ,R  LSF.  1  , 

//  1X8*  IRFCFN  *M  ,iRfcCl*60,Bl_i<  SI  2c*  3600)  ,01  SP*  (NEW.DELETEJ 
//GO.  FT1  3P0OI  01)  DSN*  .0  ISTli  .OAT  A  , 

//  UN  I  T  -USER  TA.SPAC  F-*  I  TRK  ,  ( 10 ,5  )  ,  R  L  SF  I  , 

//  OCR*  <RECF“*FB,LRtCL*60,BlKSl  2  E  *  3  60(>  1  ,  D  l  SP*  I  NEW  ,  DELE  T  E  > 
//GO. FT1 4F001  00  PSN*  . 0  I S T1 4 . DA T A  , 

//  UN!  T*US“R3A, SPACE*!  TRK  ,1 10 ,5  • ,  R  L  S:  )  . 

//  DC  II*  (R  ECFM*F8.  I  RECL *50,01*  Si  2E*  3000  I  ,0  ISP*  I NEM, DELETE) 
//SvSl  IN  03  3SN--  .BACKLOG.  OfU  ,DI  SP*SHR 

//GO. SYS  IN  00  « 

RMVF  26  DEC 

! 

5 , Ot  00 
ARRIV4I  RATE 
.  3  SF  0  2 
JOB  SWF 
O.  1  OF  0  3 


79 

1  2 
9. 0E02 

8)3370] 


ol 

0.5E00 

0. Ut 00 


SUBJECT  MARKUP 
COST  UP  ESTIMATING 
COST  OF  OVERHEAD 


•  1  68 1 F  09  -.45600 


l  .REDO 
,  32E01 


:  qmpf  r  it  in 

o. OFOOO 
0 

22  0  9/  SO  3 
755310619 
10.  3000(1 
0.400- -02 
0.  403F  -0? 
0.400F-32 
0. 400r -  0  2 
0.  4001  -0? 

0  .  4  J  u  :  -  0  ? 
0.4001  -02 
0.  40  0« -02 

0.430.-0’ 
0.  4J0f  -02 
0.403 1--02 
0.400F-32 

/  * 

// 


MARKUP 

.5415F-0lu.20o0F *000.26006*01 


2 .2b75;-G10.4246E*0Q-.3l67Et00 
O.OOOUr  *030. 1500E *000.3 75QE *00 
O.OOUOE  *OUJ.  3000E 6000. 7406E tOO 
0.99  4  4  ;  -01 J.6601btJO-.3612EtOO 


0 


0.1 OJt  *01 
0.1  00 E  »  Ol 
0.  100  E  *01 
0.1  00  fi* 01 
0.  I  OOF  *01 

j.  :  oor  »oi 

0. 1  OOF  *01 
O.  1  OOF  *01 
0.’.00l*0T 
0.  I  uO  F  *01 

0  .  1  0  0  i  *  o  1 
u. 1  OOF .01 


897712  09  7 

S. 00000 
0.600E  *02 
0.600F  *0  2 
0. 600F  *02 
0 . 6  OOF *02 
0. 600F  *02 
0.6001  *02 
0.600E *0  2 
U.600L  *02 
(j . 6L u>  *o2 
0.6501-  *02 
0.650 f.  *02 
0.650E  *02 


0.1  00-  *02 
0.15 u!  *02 
0.20  OF  *02 
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FIGURE  B.l  --  BACKLOG  CONTROL  DECK 
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TABLE  B.l 


INPUTS  FOR  THE  BACKLOG  PROGRAM 


. 

CARD 

VARIABLE 

TYPE 

COLUMNS 

DESCRIPTION 

1 

COMMENTS 

■ 

TITLE 

1  5A4 

1  -60 

For  identification 
purposes  only 

2 

NEXPMT 

13 

mam 

See 

NSAMPL 

14 

Wamm 

vari able 

Number  of  samples 

NMONTH 

13 

■SB 

1  i  sti ng 

Number  of  months 

3 

MINJS 

El  0  .4 

m 

See 

MAXJS 

E10.4 

variable 

LABEQP 

E10.4 

n 

1  i sti ng 

4 

NAME ( 1 , K) 

5A4 

1-20 

Cards  4  and  5 

D I  ST ( 1  ,1  ) 

31-40 

A 

contai n  al 1  para- 

DIST(  1  ,2) 

EtSI 

41-50 

C 

meters  required 

D I  ST  ( 1  ,3) 

El  0 .4 

51-60 

1 

K 

to  describe  the 
distribution  of  the 

■  ■ 

5 

D I  ST ( 1  ,4) 

EKE 

Ml 

arrival  rate  of  bid 

D I  ST ( 1 ,5 ) 

BEKl 

1  11-20 

M2 

opportuni ties . 

0 1  ST ( 1 ,6 ) 

El  0 .4 

msm 

ALPHA  3 

D I  ST ( 1 ,7) 

El  0 .4 

mm 

ALPHA  4 

6 

NAME(2,K) 

5A4 

1-20 

Cards  6  and  7 

DIST( 2,1  ) 

E10.4 

31  -40 

A 

contain  all  para- 

D I  ST (2,2) 

UvBm 

41-50 

C 

meters  required 

D I  ST (2.3) 

EKE 

51-60 

K 

to  describe  the 
distribution  of 

mmmm 

7 

DIST(2,4) 

]mmmM 

1-10 

Ml 

project  size  for 

DIST( 2 ,5) 

IlJiSII 

M2 

the  bid 

DIST( 2,6 ) 

El  0.4 

Ebb 

ALPHA  3 

opportuni ties . 

D I  ST (2,7) 

E10.4 

Wattm 

ALPHA  4 

8 

NAME ( 3 , K ) 

mm 

1-20 

Cards  8  and  9 

DIST( 3,1  ) 

BfltB 

31  -40 

A* 

contain  all  para- 

D  IST( 3,2) 

IMI 

41  -50 

C* 

meters  required 

DIST( 3,3) 

El  0 .4 

51-60 

K* 

to  dt scribe  the 

■ 

■MM 

subject  contractor's 

9 

D I ST ( 3,4  ) 

beei 

Ml 

M*  bidding  pol icy. 

DIST( 3,5 ) 

heei 

M2 

Card  9  should  be 

D I  ST (3,6) 

IHa 

HB1 

ALPHA  3 

left  bl ank. 

D IST( 3 . 7 ) 

El  0 .4 

mmm 

ALPHA  4 
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TABLE  B.l 


INPUTS  FOR  THE  BACKLOG  PROGRAM  (Continued) 


CARD 

VARIABLE 

TYPE 

COLUMNS 

DESCRIPTION 

COMMENTS 

10 

NAME(4,K) 

5A4 

1-20 

Cards  10  and  11 

DIST(4,1 ) 

El  0 .4 

31-40 

A 

contain  all  para- 

DI ST(4 . 2) 

El  0 .4 

41-50 

C 

meters  required 

DIST(4,3) 

El  0  .4 

51-60 

K 

to  describe  the 
cost  of  estimating 

11 

DIST(4,4) 

ESI 

Ml 

function . 

DIST(4,b) 

ESI 

■IBH 

M2 

D I  ST (4,6) 

o  81 

■ 

ALPHA  3 

UIST(4 , 7) 

El  0 .4 

22  S 

ALPHA  4 

12 

NAME (5 , K) 

ME ■ 

Cards  1 2  and  1  3 

DIST(5,1 ) 

- 

A 

contai nail  para- 

0IST(5,2) 

ifjflllli 

mm 

C 

meters  required 

D I  ST (5,3) 

El  0 .4 

ESI 

K. 

to  describe  the 
cost  of  overhead 

■ 

DIST(5 ,4 ) 

E10.4 

| 

Ml 

function . 

1 

DIST(5,5) 

El  0  .4 

BBm 

M2 

— 

L)IST(5 ,6) 

El  0 .4 

mm 

ALPHA  3 

■1 

D1ST(5 ,7) 

El  0 .4 

EES 

ALPHA  4 

14 

NAME  (6 ,  K) 

5A4 

1-20 

Cards  14  and  15 

DIST(6,1  ) 

El  0.4 

31  -40 

A 

contain  all  para- 

DIST(6,2) 

E10.4 

41-50 

C 

meters  required 

D1ST(6.3) 

E10.4 

51-60 

K 

to  describe  the 
low  bidder's 

15 

D IST( 6 ,4  ) 

Em 

1-10 

Ml 

markup  policy. 

D I  ST (6,5) 

Em 

11-20 

M2 

DIST(6,6) 

sm 

21-30 

ALPHA  3 

DIST(6,7) 

bEbI 

31  -40 

ALPHA  4 

16 

PRN0P1 

ii 

10 

See 

PR00P2 

n 

20 

vari able 

EX0PT1 

ii 

listi ng 

EX0PT2 

ii 

40 

17 

ISLED1 

m 

m 

Initia1  seed  values 

ISEEIJ2 

KM 

See 

for  the  input 

1SEED4 

mm 

mm 

variable 

distributions. 

I  SEEDS 

mm 

BSE 

listing 

IB 

ISEED6 

no 

- 

1-10 

_ 
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CARD 

VARIABLE 

TYRE 

COLUMNS 

DESCRIPTION 

COMMENTS 

19 

RATBC 

RATMMA 

RATMMB 

FI  0.6 

7  0.6 

no. 6 

1-10 

21  -30 

41  -50 

See 

variable 

1 isting 

20-N 

KB 

ce 

WMAX 

UPTJS 

LlU. 4 

no. 4 

LI  0.4 

LI  0.4 

— 

1  -10 

1 1  -20 

21  -30 

31  -40 

See 

var iabl e 
listing 

Cards  20  through  N 
contain  the  informa¬ 
tion  required  to 
construct  the  back¬ 
log  of  work  cur/e 
for  the  sample. 

If  10  samples  are  to 
be  run  at  the  same 
time  then  cards  20 
through  29  would 
contain  the  informa¬ 
tion  for  each  sample. 
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TABLE  B .  2 


PRINTINfi  AM)  EXECUTING  OPTIONS 


OPTION  1 

VALUE 

DESCRIPTION  ! 

-  -  - i 

PRNOP1 

0 

1 

2 

3 

; 

Print  short  summary  only.  This  is  the 
recommended  option  unless  the  distri¬ 
butions  of  generated  data  are  desired. 

Print  long  summary,  to  include  all 
information  above  and  data  stored  in 
array  GDI  ST. 

Print  information  for  each  project  as 
completed  and  the  short  summary. 

Print  information  for  each  step  of  the 
program  where  data  is  generated  or 
tested.  Do  not  use  this  option  if  the 
number  of  samples  is  greater  than  1  and 
the  number  of  months  is  greater  than 

12. 

PRNOP2 

1 

Punch  information  on  cards.  This  option 
may  only  be  used  when  PRN0P1  equals 

0  or  1  . 

EXOPT1 

1 

Project  size  will  be  constant  and  equal 
to  OPTJS  input.  If  EX0PT1  is  not  equal 
to  1,  the  project  size  will  vary  with  the 
distribution  of  project  size  input. 

EXOPT2 

0 

UPR0A=Q .  and  UPROBO. 

1 

UPR0A-.5  and  UPR0B=.5 

2 

UPR0A= . 2  and  UPR0B=.l 

3 

UPR0A= . 2  and  UPR0B=.2 

4 

IJPR0A= .  3  and  UPR0B  =  .l 

1 

5 

UpR0A= . 3  and  UPR0B=.3 

GT6 

UPR0A= .5  and  UPR0B=.l 

This  option  must  be  used  and  should 
equal  0  it  unfamiliar  with  the  program. 

'he  program  may  be  easily  changed  if  none 
of  the  above  values  are  adequate. 

TABLE  B . 3  --  BACKLOG  VARIABLE  LISTING 


Variable 

Description 

A 

The  low  backlog  of  work  for  a  given  curve  where  the  mean 
work  completion  rate  is  maximum. 

ACTCT1 

Actual  Cost  of  a  project  with  the  contractor  bidding  at  M*. 

ACTCT2 

Actual  cost  of  a  project  with  the  contractor  bidding  at  M**. 

AMD1 

Total  market  dollars  with  the  contractor  bidding  at  M* . 

AMD2 

Total  market  dollars  with  the  contractor  bidding  at  M**. 

APRIME 

The  low  backlog  of  work  for  a  given  curve  where  M*  is 
modi fied. 

B 

The  high  backlog  of  work  for  a  given  curve  where  the  mean 
work  completion  rate  is  maximum. 

BONDCP 

Bonding  capacity. 

BPRIME 

The  high  backlog  of  work  for  a  given  curve  where  M*  is 
modi fied. . 

c 

Interval  used  to  test  if  the  specified  skewness  and  kurtosis 
match  the  values  in  MOMENTS. DATA.  If  so,  lambda  parameters 
are  assigned  to  the  array  LAM. 

CACCT1 

Cumulative  actual  costs  for  the  contractor  bidding  at  M* . 

CACCT2 

Cumulative  actual  costs  for  the  contractor  bidding  at  M**. 

CAC1 

Cumulative  costs  exceeding  estimated  costs  for  the  contractor 
bidding  at  M*. 

CAC2 

Cumulative  costs  exceeding  estimated  costs  for  the  contractor 
biddi ng  at  M**. 

CAWC 

Variable  used  to  test  if  a  project  is  completed  at  the  end  of 
the  month. 

CB 

The  perceived  opportunity  for  individual  achievement 
parameter  specified  for  each  sample. 
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TABLE  B . 3  -  BACKLOG  VARIABLE  LISTING  (Continued) 


Variable 

Descripti  on 

CBID1 

Cumulative  bids  for  projects  completed  with  the  contractor 
bidding  at  M*. 

CBID2 

Cumulative  bids  for  projects  completed  with  the  contractor 
bidding  at  M**. 

CBIDM 

Counter  for  the  number  of  projects  bid  at  M*. 

CBIDMM 

Counter  for  the  number  of  projects  bid  at  M**. 

CCBID1 

Cumulative  bids  for  projects  won  by  the  competitor  with  the 
contractor  bidding  at  M*. 

CCBID2 

Cumulative  bids  for  projects  won  by  the  competitor  with  the 
contractor  bidding  at  M**. 

CCJBS1 

Cumulative  estimated  costs  for  projects  won  by  the  competitor 
with  the  contractor  bidding  at  M*. 

CCJBS2 

Cumulative  estimated  costs  for  projects  won  by  the  competitor 
with  the  contractor  bidding  at  M**. 

CCWONM 

Counter  for  the  number  of  projects  won  by  the  competitor  with 
the  contractor  bidding  at  M*. 

CCWNMM 

Counter  for  the  number  of  projects  won  by  the  competitor  with 
the  contractor  bidding  at  M**. 

CCOMM 

Counter  for  the  number  of  projects  completed  with  the  con¬ 
tractor  bidding  at  M*. 

CCOMMM 

Counter  for  the  number  of  projects  completed  with  the  con¬ 
tractor  bidding  at  M**. 

CEC1 

Cumulative  estimating  costs  for  projects  completed  with  the 
contractor  bidding  at  M*. 

CEC2 

Cumulative  estimating  costs  for  projects  completed  with  the 
contractor  bidding  at  M**. 

CGP1 

Cumulative  gross  profits  for  projects  completed  with  the 
contractor  bidding  at  M*. 

CGP2 

Cumulative  gross  profits  for  projects  completed  with  the 
contractor  bidding  at  M**. 
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TABLE  B . 3  --  BACKLOG  VARIABLE  LISTING  (Continued) 


Variable 

Descri ption 

CHCKU 

Middle  of  the  interval,  MAXPRO,  used  to  determine  when  start¬ 
up  ends  and  the  sample  begins. 

CJBSIZ 

Cumulative  project  size  of  all  bid  opportunities. 

CJS1 

Cumulative  estimated  costs  for  all  projects  completed  with 
the  contractor  bidding  at  M*. 

CJS2 

Cumulative  estimated  costs  for  all  projects  completed  *it.h 
the  contractor  bidding  at  M**. 

CIER 

Counter  used  to  determine  if  the  program  should  terminate 
when  lambda  parameters  for  all  distributions  specified  are 
not  found. 

CMRKUP 

Competitor's  markup  for  a  project. 

CNJOBS 

Counter  for  the  total  number  of  bid  opportunities. 

CNP1 

Cumulative  net  profits  for  projects  completed  with  the  con¬ 
tractor  bidding  at  M*. 

CNP2 

Cumulative  net  profits  for  projects  completed  with  the  con¬ 
tractor  bidding  at  M**. 

C0HC1 

Cumulative  overhead  costs  for  projects  completed  with  the 
contractor  bidding  at  H*. 

COHC2 

Cumulative  overhead  costs  for  projects  completed  with  the 
contractor  bidding  at  M**. 

COMB  ID 

Competitor's  bid  for  a  project. 

CPGP1 

Cumulative  perceived  gross  profits  of  the  competitor  with 
the  contractor  bidding  at  M*. 

CPGP2 

Cumulative  perceived  gross  profits  of  the  competitor  with 
the  contractor  bidding  at  M**. 

CTEC1 

Cumulative  estimating  costs  for  all  projects  bid  by  the 
contractor  at  M*. 

CTEC2 

Cumulative  estimating  costs  for  all  projects  bid  by  the 
contractor  at  M**. 
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TABLE  B. 3  --  BACKLOG  VARIABLE  LISTING  (Continued) 


Variable 

Descri ption 

CUW 

Counter  for  the  number  of  months  a  sample  was  run.  Equals 
NMONTH  minus  1 . 

CU1 

Cumulative  backlog  of  work  at  the  end  of  each  month  with  the 
contractor  bidding  at  M*. 

CU2 

Cumulative  backlog  of  work  at  the  end  of  each  month  with  the 
contractor  bidding  at  M**. 

CWLR1 

Cumulative  costs  exceeding  estimated  costs  for  all  projects 
completed  during  the  month  with  the  contractor  bidding  at 

M*. 

CWLR2 

Cumulative  costs  exceeding  estimated  costs  for  all  projects 
completed  during  the  month  with  the  contractor  bidding  at 

M**. 

CWONM 

Counter  for  the  number  of  projects  won  by  the  contractor 
bidding  at  M*. 

CWONMM 

Counter  for  the  number  of  projects  won  by  the  contractor 
bidding  at  M**. 

CWR1 

Cumulative  amount  of  the  work  completion  rate  that  is  re¬ 
quired  for  all  projects  completed  during  the  month  with  the 
contractor  bidding  at  M*. 

CWR2 

Cumulative  amount  of  the  work  completion  rate  that  is  re¬ 
quired  for  all  projects  completed  during  the  month  with  the 
contractor  bidding  at  M**. 

CW1 

Cumulative  work  completion  rate  each  month  with  the  con¬ 
tractor  bidding  at  M*. 

CW2 

Cumulative  work  completion  rate  each  month  with  the  con¬ 
tractor  bidding  at  M**. 

U I  ST 

Array  to  store  parameters  input  for  all  distributions. 

ESTCST 

Cost  of  estimating  for  a  project. 

GDI  ST 

Array  to  store  all  moments  and  the  skewness  and  kurtosis  of 
generated  data. 

GPP1 

Perceived  gross  profits  in  the  market  with  the  contractor 
bidding  at  M*. 
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TABLE  B.3  --  BACKLOG  VARIABLE  LISTING  (Continued) 


Variable 

Description 

GPP2 

Perceived  potential  gross  profits  in  the  market  with  the 
contractor  bidding  at  M**. 

IBOND 

Integer  equivalent  of  the  bonding  capacity. 

I  NCR 

Increment  used  to  determine  points  A  and  B  on  the  backlog  of 
work  curve. 

INJMON 

Counter  for  the  number  of  projects  required  during  startup. 

ISEED1 

Initial  seed  value  for  the  distribution  of  the  arrival  rate 
of  bid  opportunities. 

ISEED2 

Initial  seed  value  for  the  distribution  of  project  size. 

ISEED4 

Initial  seed  value  for  the  distribution  for  the  cost  of 
estimating. 

ISEED5 

Initial  seed  value  for  the  distribution  of  the  cost  of 
overhead. 

ISEED6 

Initial  seed  value  for  the  distribution  of  the  competitor's 
markup. 

JOBSIZ 

Estimated  cost  of  a  project. 

KB 

The  decision  making  time  interval  parameter  specified  for 
each  sample. 

LAM 

Array  to  store  the  lambda  parameters  for  input  distributions. 

LABEQP 

Proportion  of  total  estimated  cost  for  labor  and  equipment 
operating  costs. 

MAXJS 

The  maximum  project  size  normally  bid  by  the  contractor. 

MAXPRO 

The  maximum  range  of  efficient  operations  for  a  given 
backlog  of  work  curve. 

MINJS 

The  minimum  project  size  normally  bid  by  the  contractor. 

MODMUP 

The  modified  markup  for  the  M**  bidding  policy. 

MSBBIL) 

The  bid  for  the  M**  bidding  policy. 
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TABLE  B . 3  --  BACKLOG  VARIABLE  LISTING  (Continued) 


Variable 

Description 

NAME 

Array  to  store  the  names  of  input  distributions. 

NE 

Counter  for  the  number  of  experiments. 

NEXPMT 

Number  of  experiments  for  the  entire  run. 

NBM 

Variable  used  in  testing  if  an  opportunity  may  be  bid  by  the 
contractor  at  M*. 

NBMM 

Variable  used  in  testing  if  an  opportunity  may  be  bid  by  the 
contractor  at  M**. 

NJ 

Counter  for  the  number  of  bid  opportunities  in  a  month. 

NJOBS 

The  number  of  bid  opportunities  generated  for  a  given  month. 

NM 

Counter  for  the  number  of  months. 

NMONTH 

The  number  of  months  to  run  each  sample. 

NP 

Number  of  projects  remaining  in  either  array  PR0F1  or  PR0F2. 

NS 

Counter  for  the  number  of  samples. 

NSAMPL 

The  number  of  samples  per  experiment. 

OHCOST 

Cost  of  overhead  for  a  project. 

OPTJS 

Value  of  project  size  that  is  constant  for  a  sample. 

PN 

Counter  for  arrays  PR0F1  and  PR0F2. 

PP1 

Perceived  gross  profits  for  a  project  awarded  in  the  market 
with  the  contractor  bidding  at  M*. 

PP2 

Perceived  gross  profits  for  a  project  awarded  in  the  market 
with  the  contractor  bidding  at  M**. 

PROF1 

Array  used  to  store  all  projects  won  by  the  contractor 
bidding  at  M*.  Projects  are  loaded  in  this  array  when  won 
and  deleted  when  complete. 

PROF2 

Array  used  to  store  all  projects  won  by  the  contractor 
bidding  at  M**.  Projects  are  loaded  in  this  array  when  won 
and  delected  when  completed. 
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TABLE  B . 3  --  BACKLOG  VARIABLE  LISTING  (Continued) 


Variable 

Description 

PROJU1 

Projected  backlog  of  work  if  a  project  is  won  at  M*. 

PROJU2 

Projected  backlog  of  work  if  a  project  is  won  at  M**. 

PRONUM 

Project  number  assigned  to  all  bid  opportunities. 

PI 

Probability  associated  with  the  random  variability  of  the 
distribution  of  the  arrival  rate  of  bid  opportunities. 

P2 

Probability  associated  with  the  random  variability  of  the 
distribution  of  project  size. 

P4 

Probability  associated  with  the  random  variability  of  the 
cost  of  estimating  for  a  project. 

P5 

Probability  associated  with  the  random  variability  of  the 
cost  of  overhead  for  a  project. 

P6 

Probability  associated  with  the  random  variability  of  the 
distribution  of  the  competitor's  markup. 

RATBC 

The  rate  that  bonding  capacity  is  set  by  working  capital. 

RATMMA 

The  rate  that  M*  is  modified  at  backlogs  less  than  APRIME. 

RATMMB 

The  rate  that  M*  is  modi f i ed  at  backlogs  greater  than  BPRIME. 
If  negative,  a  project  is  not  bid  that  will  project  backlog 
beyond  BPRIME. 

SMRKUP 

The  markup  for  the  M*  bidding  policy. 

SUBBID 

The  bid  for  the  M*  bidding  policy. 

TAMD1 

Total  awarded  market  dollars  with  the  contractor  bidding  at 

M*. 

TAMD2 

Total  awarded  market  dollars  with  the  contractor  bidding  at 
M**. 

TESTAB 

Variable  used  to  test  if  points  A  and  B  on  the  backlog  of 
work  curve  are  very  close.  In  this  case,  the  maximum  work 
completion  rate  is  established  at  the  peak  of  the  backlog 
curve . 
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TABLE  B.3  --  BACKLOG  VARIABLE  LISTING  (Continued) 


Variable 

Description 

TESTPN 

Variable  used  to  check  if  a  project  was  awarded  to  the  com¬ 
petitor  with  the  contractor  bidding  at  M*  to  eliminate 
double  printing  if  won  by  the  competitor  with  the  contrac¬ 
tor  bidding  at  M**. 

TESTW1 

Variable  used  to  determine  where  M*  will  be  modified. 

TESTW2 

Variable  used  to  determine  where  M*  will  be  modified. 

TINC 

Increment  used  to  test  if  points  A  and  B  are  close  on  the 
backlog  of  work  curve. 

U 

Backlog  of  work  used  to  determine  where  M*  will  be  modified. 

TITLE 

Specified  identification  label  for  a  computer  run. 

UPROA 

Specified  proportion  of  MAXPRO  used  to  locate  APRIME. 

UPROB 

Specified  proportion  of  MAXPRO  used  to  locate  BPRIME. 

U1 

Backlog  of  work  at  the  end  of  the  month  with  the  contractor 
bidding  at  M*. 

L)2 

Backlog  of  work  at  the  end  of  the  month  with  the  contractor 
bidding  at  M**. 

W 

Work  completion  rate  used  to  determine  where  M*  will  be 
modified. 

WLP1 

Proportion  of  the  monthly  work  lost  rate  associated  with  a 
project  to  be  competed  during  the  month  with  the  contractor 
bidding  at  M*. 

WLP2 

Proportion  of  the  monthly  work  lost  rate  associated  with  a 
project  to  be  completed  during  the  month  with  the  contractor 
bidding  at  M**. 

WLRM1 

Proportion  of  the  monthly  work  lost  rate  remaining  after  any 
projects  have  been  completed  with  the  contractor  bidding  at 
M*. 

WLRM2 

Proportion  of  the  monthly  work  lost  rate  remaining  after  any 
projects  have  been  completed  with  the  contractor  bidding  at 
M**. 
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TABLE  B . 3  --  BACKLOG  VARIABLE  LISTING  (Continued) 


Variable 

Description 

WLR1 

Proportion  of  the  monthly  work  lost  rate  associated  with  a 
project  that  is  completed  during  the  month  with  the  con¬ 
tractor  bidding  at  M*. 

WLR2 

Proportion  of  the  monthly  work  lost  rate  associated  with  a 
project  that  is  completed  during  the  month  with  the  con¬ 
tractor  bidding  at  M**. 

WL1 

Equivalent  to  the  mean  work  completion  rate,  WMAX,  minus  the 
actual  work  completion  rate  during  the  month,  W1 ,  times  the 
proportion  of  the  estimated  cost  associated  with  labor  and 
equipment  operating  costs.  Referred  to  as  the  work  lost 
rate  for  the  contractor  bidding  at  M* . 

WL2 

Same  as  above  except  the  contractor  is  bidding  at  M**. 

WMAX 

The  mean  work  completion  rate  specified  by  the  user. 

WNLP1 

i 

Proportion  of  the  monthly  work  lost  rate  that  is  distributed 
to  all  projects  not  completed  during  the  month  with  the  con¬ 
tractor  bidding  at  M*. 

WNLP2 

Same  as  above  except  the  contractor  is  bidding  at  M**. 

WNP1 

Proportion  of  the  monthly  work  completion  rate  that  is  dis¬ 
tribute'-'  to  all  projects  not  completed  during  the  month  with 
the  contractor  bidding  at  M*. 

WNP2 

Same  as  above  except  the  contractor  is  bidding  at  M**. 

WP1 

Proportion  of  the  monthly  work  completion  rate  that  is  tem¬ 
porarily  distributed  to  all  projects  backlogged  by  the  con¬ 
tractor  bidding  at  M*.  Projects  not  requiring  the  entire 
amount  of  this  proportion  to  be  completed  are  closed  out 
using  only  the  proportion  of  the  work  completion  rate  re¬ 
quired. 

WP2 

Same  as  the  above  except  the  contractor  is  bidding  at  M**. 

WRM1 

Proportion  of  the  work  completion  rate  that  remains  after  all 
projects  are  completed  during  the  month  with  the  contractor 
bidding  at  M*. 

WRM2 

Same  as  the  above  except  the  contractor  is  bidding  at  M**. 
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TABLE  B . 3  —  BACKLOG  VARIABLE  LISTING  (Continued) 


Variable 

Descri  ption 

WR1 

Proportion  of  the  work  completion  rate  required  to  complete 
a  project  with  the  contractor  bidding  at  M*. 

WR2 

Same  as  the  above  except  the  contractor  is  bidding  at  M** . 

W1 

Monthly  work  completion  rate  with  the  contractor  bidding  at 
M*. 

W2 

Monthly  work  completion  rate  with  the  contractor  bidding  at 
M** . 
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TABLE  B . 5  --  SCHEMATIC  OF  ARRAY  GDI  ST 


DISTRIBUTION 
Arrival  rate  of  bids 

Estimated  cost 
Estimated  cost  at  M* 
Bid  at  M* 

Actual  cost  at  M* 
Gross  profits  at  M* 
Net  profits  at  M* 
Estimated  cost  at  M* 
Bid  at  M** 

Actual  cost  at  M** 
Gross  profits  at  M** 


Net  profits  at  M** 


Monthly  backlog  M* 


Work  completion  rate 


Monthly  backlog  M** 


Work  completion  rate 


Competitor  cost  M* 


Competitor  bid  M* 


Competitor  profits  M* 


Competi tor  cost  M** 


Competitor  bid  M** 


Competitor  profits 


(22,1)  (22,2)  (22,3)  (22,4)  (22,5)  (22,6) 
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APPENDIX  C 


BACKLOG  LISTING 

This  appendix  contains  the  FORTRAN  listing  of  the  BACKLOG  comput¬ 
er  program.  Comment  cards  are  included  that  describe  the  function  of  - 
set  of  statements  or  operations.  These  comments  correspond  closely  to 
the  box  titles  in  the  program  flowchart  that  is  presented  in  Appendix 
D. 
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o  n  n  n  n  n  n 


DECLARATION  OF  VARIABLES. 


INTEGER  TITLE.  NSAMF'L »  NhONTH .  NAME.  PRNQP1.  NS.  ISEED1.  NM .  NJ. 

%  N JOBS . ISEED1 . ISEED2 . ISEED4 . I  SEEDS . 1SEED6 .PRNOP1 .PRN0P2 . F’N . 

*  NP.CIER.NE.NEXPMT.EXOPT1 . CN JOBS . CUONM . CUONMM . N I E » CB I  DM . CB I DMM . 

*  NBM.NBMM. CCOMM .CCOMMM.CUW.CCUONM. CCWNMM . EXOPT2 . I NCR . I BOND . PRN0P3 

*  U 

REAL  KB.  CB.  DIST,  LAM.  PI.  P2,  P3>  F’4.  UMAX.  MINJS. 

*  MAX JS ,  BONDCP,  JOBSIZ.  Ul>  U2 .  U1 .  U2.  PROJU1 .  PRO JU2 .  SMRKUP. 

*  SUBBID.  MODMUP.  MSBBID.  CMRKUP.  COMBID.  F'ROFl.  PROF2.  UL 1 .  UL2. 

*  WF'l.  UP2 .  ULP1,  ULP2.  UR1 ,  UR2 .  ULR1 .  ULR2,  CAUC .  CUR1.  CUR2 . 

*  CULR1.  CULR2.  CJS1.  CJS2.  CBID1.  CBID2.  CAUC1,  CAUC2.  CAC1.  C AC2 

*  CU1.  CU2 .  URM1.  URM2 .  ULRM1.  ULRM2.  UNF'l  .  UNF'2 .  UNLP1.  WNLF'2. 
t  ESTCST.OHCOST.LABEOF',  OF'T  JS.CEC1.CEC2.C0MC1  ,  COHC2  .  CTEC 1  .  CTEC2  . 

*  CGF’l  .CGP2.CNP1  «  CNF'2  »  PRONUM  .TESTF'N.ACTCTl  .  AC  TCT2  .  C  JBSI  Z  .  C  ACCT  1  . 

*  CACCT2.GDIST ,XMX, DATA.CUl . CU2 . AMD  1 . AMD2 . PP 1 . PP2 . T AMD  1 . TAMD2. 

*  GPP  I .0PP2.CC JBSI .CCJBS2.CCBID1 , CCB I D2 , CFGP1 , CPGP2 . TEST U1 . TESTU2 . 

*  AiBiMAXF'RQ.APRIME.BF'RIME.UF'RQA,  UF'ROB  .1  INCR.TESTAB 
COMMON  /LAMBDA/  LAM <  6  >  4  ) 

DIMENSION  NAME (6.5) .  DIST<6.7>.  TITLE(IS).  PROF  1 ( 200 . 9 ) . 

*  F'ROF  2  <  200  >  9  >  »  DDISK22.6).  XMX(22>.  DAT  A  (  22  > 


USER  SPECIFIED  INFORMATION. 


READ ( 5 . 10)  <TITLE(I).  I=!,15) 

10  FORMAT  < 15A4  ) 

RE  AD  <5. 20  )  NEXF'MT  .  NSAMF  L  .  NMONTH 
20  f CRMATT 7X, I3.6X, I4.7X. 13) 

RE  AD (5. 40)  MINJS.MAXJS.LABEQP 
40  FORMAT  <  3E 1 0 . 4 ) 


DO  1000  1=1.6 

RE  AD ( 5  »  50 )  ( NAME  < I . K ) .  K  =  1 . 5 > . ( D I  ST ( I . J ) .  J=1.7) 
FORMAT ( 5A4 , 10X.3E10 . 4 ,/»4E10. 4 ) 

CONTINUE 

READ  (  5 . 60  )  F’RNOPl  .  PRN0P2  .  EXOPT 1  .  EX0PT2 
FORMA  I (9X. I  1 ,9X. 1 1 .9X. 1 1 , 9X . 1 1 ) 


50 

1000 


60 


RE AD <5. 61)  ISEED1 . ISEED2. ISEED4 , I  SEEDS. I  SEE D6 

61  F  ORMAT ( I10.10X.I10.10X.I10.10X.I10./.I10) 

RE  AD  <  5 . 62 )  R AT BC . RA  TMMA . RATMMB 

62  F  ORMAT (F  10.6. 10X.F 10 . 6 . 10X.F10 . 6 ) 


00000010 
00000020 
00000030 
00000040 
00000050 
00000060 
00000070 
OOOOOOBO 
00000090 
00000100 
.0000011 J 
000001 20 
000001 30 
00000140 
OoOOO 1 50 
00000160 
.00000170 
00000180 
0000C190 
00000200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000260 
00000270 
00000280 
00000290 
00000300 
00000310 
00000320 
00000330 
00000340 
00000350 
00000360 
00000370 
00000380 
O00C0390 
C0000400 
00000410 
00000420 
00000430 
00000440 
00000450 
00000460 
00000470 
00000480 
00000490 
00000500 
00000510 
OOf 00520 
00000530 
00000540 
00000550 
00000560 
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C  PRINT  USER  SPECIFIED  INFORMATION. 

C 


WRITE (A >70) 

70  FORMAT ( ' 1 ' >// .  42X  , 48 < '*'),/, 42X 46X .'*',/ r 42X 5X , 

*  'SUMMARY  OF  USER  SPECIFIED  PARAMETERS ' >  5X ,'*',/, 42X 46X > 

«  '«' ./.42X.48! '#' ) ,///) 

WRITE !6,80>  (TITLE! I ) » 1  =  1 t 15) » NEXPMT , NS AMPL  > NMONTH 
80  FORMAT < 16X .' TITLE !' ,3X. 15A4 ,//. 16X, 'EXPERIMENT  SIZE  PARAMETERS :' > 
*//. 18X> 'NUMBER  OF  EXPERIMENTS! ' >2X»I3>/> 18X> 'NUMBER  OF  SAMPLES!'. 
*IX> 14./. 18X,  'MONTHS  PER  SAMPLE ! ' . 2X . I  3 . // ) 

WRITE <6. 90) 

90  FORMAT < 1  AX .' MARKET  PARAMETERS!'./) 

WRITE (A. 100) 

100  F ORMAT ( 20X . ' DISTRIBUTION ' » 10X. 'A' » 10X » 'C' . 10X» 'K' »9X»  'Ml ' »9Xt 
* 'M2' . 7X, ' ALPHA3 '  ,  5X  , ' ALPHA4 ' ./) 

DO  1001  1-1.2 

WRITE(A.llO)  ( NAME ( I >  K  >  >  M 1 . 5 ) , ! DI ST ! I . J > .  J-1.7) 

110  FO;  MAT ( 18X.5A4.7! 1X.E10.4) > 

1C01  CONTINUE 

UR  I TE  <  A . 1 20 )  M IN JS . MAX JS 

120  FORMAT!//, 1AX.  'SUBJECT  COMPANY  PARAMETERS !',//» 1 8X ,' M I N I  MUM  JOB  S 
*ZE  NORMALLY  BID !' t 1 IX ,E10 . 4 »/» 18X ,' MAXIMUM  JOB  SIZE  NORMALLY  BID! 
*,  1 1X.E10. 4,/. 1BX.//I 

WRITE ( A, 100) 

DO  1002  1-3.5 

WRITE(A.UO)  <  NAME  !  I  .  K  )  ,  K-1,5),!DIST(I,J)>  J=l,7) 

1002  CONTINUE 

WRITE! A, 130) 

130  FuRMAT (//» 1AX, 'COMPETITOR  PARAMETERS !',// > 

URITE(A.IOO) 

UR ITE(A.llO)  ( NAME ( A . K ) .  K~1 , 5 ) » ! DIST ! 6 , J ) r  J-1,7) 


C  DETERMINE  LAMBDA  PARAMETERS. 

C 


CIER- 0 
WRITE (A, 140) 

140  FORMAT (//, 1  AX,  'LAMBDA  PARAMETERS! ' ,//. 20X, ' DISTRIBUTION ' , 8X  « 
♦  'LAMBDA  1 ' ,2X. 'LAMBDA  2 '• 2X .' LAMBDA  3 '. 2X »' LAMBDA  4'./) 


00000570 
00000580 
00000590 
00000600 
OOOOOA 1 0 
00000620 
00000630 
00000640 
00000650 
00000660 
00000670 
00000680 
00000690 
00000700 
00000710 
00000720 
00000730 
00000740 
00000750 
00000760 
00000770 
00000780 
00000790 
00000800 
00000810 
00000820 
00000830 
00000840 
00000850 
100000860 
'  00000870 
00000880 
00000890 
00000900 
00000910 
00000920 
00000930 
00000940 
00000950 
00000960 
00000970 
00000980 
00000990 
00001000 
00001010 
00001020 
00001030 
00001040 
00001050 
00001060 
00001070 
00001080 
00001090 
00001100 
00001110 
00001120 
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o  n  n  n  o  n  n 


150 

160 

161 


DO  1003  1  =  1.6 

CALL  FIND (BIST < I  »  6  >  .  DIST  <  I »  7  >  .  I  .  IER  .  NIE  > 

IF  (IER.EQ.1)  GO  TO  160 
IF  (NIE .EQ. 1 )  GO  TO  162 

WRITE (6. 150)  (NAME ( I . K ) »K=1 » 5 ) r ( LAM ( I . J ) » J=1 . 4 ) 
F QRMAT  (  18X  .  5A4  .  4F  10 . 6  ) 


GO  TO"  1003 
C I ER=C I ER+ 1 

WRITE (6.161)  (NAME(I.K)»K=1»5> 

FORMAT ( 18X.5A4.2X. 'LAMBDA  VALUES  OUT  OF  RANGE. 
»S,  '  ) 


GO  TO  1003 


00001 
00001 
00001 
00001 
00001 
00001 
00001 
00001 
00001 
00001 
00001 
00001 
00001 

EXECUTION  C0NTINUE00001 
00001 
00001 
00001 
00001 

WRITE (6.163)  ( NAME ( I >  K ) r  K  =  1 » 5 )  00001 

FORMAT ( 18X.5A4.2X. 'ALFHA3  AND  ALPHA4  NOT  INPUT.  EXECUTION  CONT INUE00001 
*S  .  '  >  00001 

00001 

CONTINUE  00001 

00001 

If  (CIER.GE.l)  GO  TO  165  00001 

GO  TO  170  00001 

00001 

UR  I TE  <  6 . 166 )  00001 

FORMAK//. 18X. 'PROGRAM  HAS  ABNORMALLY  TERMINATED  SINCE  LAMBDA  UALU00001 
*ES  FOR' 18X. 'ALL  DISTRIBUTIONS  SPECIFIED  WERE  NOT  FOUND.')  00001 

00001 

GO  TO  2000 


DO-LOOP  FOR  THE  NUMBER  OF  EXPERIMENTS. 


170  DO  1999  NE  =  1 . NEXPMT 
C 
C 
C 

C  DETERMINE  WHEN  M*  WILL  BE  MODIFIED  WITH  RESPECT  TO  BACKLOG  OF  WORK. 

C 

c 

c 


162 

163 


1003 


1  65 
166 


130 
140 
150 
160 
1  70 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
330 
390 
400 
410 
420 
430 
00001440 
00001450 
00001460 
00001470 
00001480 
00001490 
00001500 
00001510 
00001520 
00001530 
00001540 
00001550 
00001560 
00001570 
00001580 
00001590 


2002 


IF  (EX0PT2.E0.0) 

GO 

TO 

2002 

00001600 

IF  (EX0PT2.EQ. 1 ) 

GO 

TO 

2004 

0 0001610 

IF  (EX0PT2.E0.2) 

GO 

TO 

2006 

00001620 

IF  (FX0PT2.EQ.3) 

GO 

TO 

2008 

00 001630 

IF  (EXUPT2.E0.4) 

GO 

TO 

2010 

C0001640 

IF  (EXQPT2.EQ.5) 

CO 

TO 

2012 

00001650 

IF  (EXQRT2.GE.6) 

GO 

TO 

2014 

00001660 

UPROA  0, 

00001670 

UPROB  0. 

00001680 

1  71 


nnnn  oonnnno  rvnnnnnn  n  nnonnnn 


GO  TO  175 

00001690 

2004  UFR0A=.5 

00001700 

UPR0B=.5 

00001710 

GO  TO  175 

00001720 

2006  UPR0A=.l 

00001730 

UPR0B=  .  1 

0 0001740 

GO  TO  175 

00001 750 

2008  UPR0A= . 2 

00001760 

UPR0B=.2 

00001770 

GO  TO  175 

00001780 

2010  UPR0A=.3 

00001790 

UPk0B=. 1 

00001800 

GO  TO  175 

00001810 

2012  UFR0A= . 3 

00001820 

UPR0D=.3 

00001830 

GO  TO  175 

00001840 

2014  UF'R0A  =  •  5 

00001850 

UPR0B= . 1 

00001860 

00001870 

00001880 

00001890 

DO-LOOP  FOR  THE  NUMBER  OF  SAMPLES 

TO  BE  RUN. 

00001900 

00001910 

00001920 

00001930 

175  00  1004  NS”  1  ,  NSAMPL 

00001940 

00001950 

READ ( 5  , 30 )  KB.CB.UMAX.OPTJS 

00001960 

30  FORMAT ( 4E10 . 4 ) 

00001970 

00001980 

00001990 

00002000 

CLEAR  ARRAYS  FR0F1  AND  PR0F2  FROM 

THE  PREVIOUS  SAMPLE. 

0000201C 

00002020 

00002030 

00002040 

DO  1050  PN= 1,200 

00002050 

DO  1051  1=1.9 

00002060 

F'ROFl  (F'N.  I  )  =0. 

00002070 

FR0F2  <  F'N  » I  )  0. 

00002080 

1051  CONTINUE 

00002090 

1050  CONTINUE 

00002100 

00002110 

00002120 

00002130 

INITIALIZE  POINTERS  FOR  DISK  STORAGE. 

00002140 

00002150 

00002160 

00002170 

DO  1098  1=8,14 

00002180 

REWIND  I 

00002190 

1098  CONTINUE 

00002200 

00002210 

00002220 

00002230 

INITIALIZE  VARIABLES. 

00002240 

172 


non 


W1=UMAX 

00002250 

00002260 

00002270 

00002200 

W2=UMAX 

00002290 

U1  =0. 

00002300 

U2  =  0  . 

00002310 

BONDCP=RATBC*UMAX 

00002320 

DETERMINE  POINTS  ON  U  VERSUS  U  CURVE  WHERE  MARKUP  WILL  BE  MODIFIED. 

00002330 

00002340 

00002350 

00002360 

INCR=INT(BONDCP/1000. ) 

00002370 

00002380 

00002390 

00002400 

IF  (INCR.LE.O)  IKCR=1 

00002410 

I  BOND- IN T ( BONDCP ) 

00002420 

TEsrui=o. 

00002430 

00002440 

DO  1097  U- 1 > I BOND  > INCR 

00002450 

U=C6*FLOAT(U>*2.71828**<-KB*FLOAT<U> ) 

00002460 

IF  (UMAX.LE.W)  GO  TO  171 

00002470 

TESTU2=W 

00002480 

IF  < TESTU2.LE . TESTU1 )  GO  TO  171 

00002490 

rESTUl=TESTU2 

00002500 

GO  TO  1097 

00002510 

171 

A-FLOAT(U) 

00002520 

GO  TO  172 

00002530 

1097 

CONTINUE 

00002540 

1  72 

TESTU 1 -0 . 

00002550 

00002560 

DO  1096  1=1.1000 

00002570 

IF  (  I  , EO . 1 >  GO  TO  173 

00002580 

I  BOND ' I  BOND- I NCR 

00002590 

173 

U  =  I  BOND 

00002600 

U-  CBtFLOAT  <Ui *2 . 718284* <-KB*FLO AT <U>  > 

00002610 

IF  { U . GE . UMAX )  GO  TO  174 

00002620 

TESTU2=U 

00002630 

IF  ( TESTU2 . LE . TESTW1 )  GO  TO  174 

00002640 

TESTW1=TESTU2 

00002650 

GO  TO  1096 

00002660 

174 

B  =FLOAT  <  U ) 

00002670 

GO  TO  2052 

00002680 

1096 

CONTINUE 

00002690 

2052 

IF  (B.LE.A)  B=A 

00002700 

00002710 

MAXPRO=B-A 

00002720 

AF'R  IME=A+UPR0A4MAXPR0 

00002730 

BF'RIME  =  B-UPR0B4MAXFR0 

00002740 

IF  <  APR  I ME  .  LE  .  0  .  )  AF'R IME  =  0  . 

00002750 

IF  (  BF'R I ME  .  GE  .  BONDCP  )  BF'R I ME  =  BONDCF' 

00002760 

CHCKU  =  A+ <  MAXPRO* . 5 ) 

00002770 

TINCR=5.*FL0AT< INCR ) 

00002780 

TESTAB=BPRI ME -APR I ME 

00002790 

IF  ( TESTAB.LE.TINCR)  APR IME=BPR IME 

00002800 

173 


u  o  u  u  u  u  u 


C.HCK  =  CHCKU 


initialize  counters  for  summary  report. 


CJBSIZ'O. 

c 

TAMD1=0. 

GPP  1  -0 . 

CU1=0. 

CUI=0. 

CACCT1=0. 

C  TEC  1 =0 • 

C JS1-0. 

CB 1 01  =  0 . 

CAUC1 =0 . 

C AC  1 =0 . 

CGP 1 =0 . 

CEC 1 =0 . 

COMC 1=0* 

CNP1=0. 

CC JBS1=0. 

CCRIOl-O. 

CPGP1=0. 

C 

T  AMD2=0 » 

GPP2=0. 

CW2-0 . 

CU2=Q . 

CACCT2=0 . 

CTEC2=0. 

C JS2-0 . 

C  E>  1 02  =  0 . 

CAUC2-0 . 

CAC2=0  * 

CGP2=0. 

CEC2=0. 

CQHC2=0. 

CNP2=0. 

CC JBS2=0. 

CCBI02=0. 

CPGP2=0. 

C 

C 

C 

C  PRINT  HEAOINGS  IF  USER  DESIRES  COMPLETE 
C 
C 
C 

IF  (  PRNOP  1  .  EQ  .  2  >  WRITE  1 4  p  100  >  NS 
180  FORMAT ( ' 1 '  ,// »38X*41 ('*'>,/ , 38X r p 1 
«  TABULATION  OF  RESULTS  FOP  SAMPLE  NO 
»•«'»/. 38X  »  41 < ' * ' ) ) 


00002810 
00002820 
00002830 
00002840 
00002850 
00002860 
00002870 
00002880 
00002890 
00002900 
00002910 
00002920 
00002930 
00002940 
00002950 
00002960 
00002970 
00002980 
0000299 0 
00003000 
00003010 
00003020 
0000303 0 
00003040 
00003050 
00003060 
00003070 
00003080 
00003090 
00003100 
00003110 
00003120 
00003130 
00003140 
00003150 
00003160 
00003170 
00003180 
00003190 
00003200 
00003210 
00003220 
00003230 
00003240 
00003250 
00003260 
00003270 
00003280 

TABULATION  OF  RESULTS.  00003290 

00003300 

00003310 

00003320 

00003330 

9Xp r/p38X» »5Xr ' CQMPLETE00003340 
' p I4.5X. '* ' , 7p38Xp p59Xp  00003350 

00003360 


174 


nonnnn  nnnonon  nnnnonn 


IF  (PRN0P1 .EQ.3)  UR ITEC6.182)  NS  00003370 

182  FORMAT! ' 1 ' , //.30X.71 < ' * ' > ,/.30X, ' t ' ,  69X. '* ' . / . 30X . '* ' ,5X. ' COMPLETE00003380 
»  T  ABUL AT  I  ON  OF  BID  OPPORTUNITIES  FOR  SAMPLE  NO . ' « 1 4  »5X  » ' * '  > / »  30X  >  00003390 

♦  '  *  '  »  69X  »'♦'»/• 30X  »71('*'))  00003400 

IF  <  PRNOP 1 « EQ . 2 )  URITE(6.iai>  00003410 

181  FORMAT!///.  4X »  ' PRO J  *'.3X.'EST  COST ' »  4X » 'BID  M*'.4X.'BID  M** '. 5X . 00003420 

♦  AUC  M*'.4X.'AUC  M**' ,4X. 'LOST  M*'.4X.'L0ST  h**'.2X.'GRS  PROFIT'.  00003430 


♦  2X »  ' COST  EST' .3X. 'COST  0H'.3X,'NET  PROFIT'.//) 


INITIALIZE  COUNTERS  FOR  TOTAL  NUMBER  OF  JOB  OPPORTUNITIES.  TOTAL 
NUMBER  OF  JOBS  BID  AT  M* .  TOTAL  NUMBER  OF  JOBS  UON  AT  M*.  TOTAL 
NUMBER  OF  JOBS  BID  AT  M**,  AND  TOTAL  NUMBER  QF  JOBS  UON  AT  M**. 


00003440 
00003450 
00003460 
00003470 
00003480 
00003490 
00003500 
00003510 
00003520 
00003530 
00003540 
00003550 
00003560 
00003570 
00003580 
00003590 
00003600 
00003610 
00003620 
00003630 
00003640 
00003650 
00003660 
00003670 
00003680 
00003690 
00003700 
00003710 

DO  1005  NM= 1 . NMQNTH  00003720 

IF  (PRNQP1.EQ.3)  UR  I TE ( 6 . 1500 )  NM  00003730 

1500  FORMAT < //// , IX » 1 32 ('  —  ')»/» 38X » ' COMPLETE  TABULATION  OF  BID  OF FORTUN00003740 
*  I T IES  FOR  MONTH: ' . IX. 13./. IX. 132< ) , // )  00003750 

00003760 
00003770 
00003780 
00003790 
00003800 
00003810 
00003820 
00003830 
000038  10 
0O003850 
00003860 
00003870 
00003880 
00003890 

STORE  THE  VALUE  FOR  THE  NUMBER  OF  BID  OPPORTUNITIES  ON  DISK  FOR  LATER00003900 
ANALTSIS.  PRINT  VALUE  IF  COMPLETE  TABULATION  OF  BID  OPPORTUNITIES  00003910 
SPECIFIED.  00003920 


190  CNJ0BS=0 
CBIDM=0 
CUONM=0 
C6IDMM=0 
CUONMM=0 
CC0MM=0 
CC0MMM=0 
CCU0NM=0 
CCUNMM-0 
CUU  =  0 
INJM0N=0 


DO-LOOP  FOR  THE  NUMBER  OF  MONTHS  PER  SAMPLE. 


DETERMINE  THE  NUMBER  OF  BID  OPPORTUNITIES  FOR  THE  MONTH. 


P 1 =DRAND1 ( ISEED1 ) 

NJ0B3=INT(R0FP(DIST( 1 .4 ) .DIST ( 1 .5) .LAM ( 1 . 1 > . LAM ( 1 .2) .LAM< 1 .3) . 
♦  LAM ( 1 .4) .PI  >♦  .5) 

IF  (NM.EO.l)  NJ0BS=500 


1  75 


nnnnnnn  noonnnnn  nnnnnnn  nnnnnnn  n  n  n  n  n 


IF  (NM.NE.l)  WRITE! 8  > 1900  >  NJOBS 
1900  FORMAT! 13) 


IF  !PRN0P1 .EQ.3)  WR I TE ( 6 » 1 50 1 )  NJOBS 
1501  FORMAT! 1X» 'NUMBER  OF  BID  OPPORTUN I T I ES : ' > 1 X , 1 3 ) 


DO-LOOP  FOR  EXAMINING  EACH  OF  THE  BID  OPPORTUNITIES  FOR  THE  MONTH. 


IF  ! NJOBS . LE . 0  >  GO  TO  2520 
DO  1006  NJ=1. NJOBS 
IF  ! NM . EQ . 1 )  INJM0N=INJM0N+1 
Ic  (NM.NE.l)  CNJ0BS=CNJ0BS+1 


DETERMINE  THE  ESTIMATED  JOB  SIZE. 


PR0NUM=FL0AT!NM)+FL0AT!NJ)/1000. 

N6M-0 

NRMM=0 

201  P2 - DRAND1 ( ISEED2 ) 

J0BSIZ  =  R0FP!DIST!2.4) ,DIST!2.5>  »LAM<2>1 > .LAMI2.2) .LAMI2.3) » 
*LAM(2.4>  .P2) 

IF  ! JOBSIZ.LE.O. )  GO  TO  201 
IF  ! EXQPT 1 . EQ . 1 )  J0BSIZ=0PTJS 
IF  ! EXOPT 1 . NE . 1 )  0PTJS=0. 

IF  INM.NE.l)  CJBSIZ=CJBSIZ+JOBSIZ 


STORE  THE  UALUE  FOR  THE  ESTIMATED  JOB  SIZE  ON  DISK  FOR  LATER 
ANALYSIS . 


IF  ! NM . NE . 1 )  WRITE!?. 1905)  JOBSIZ 
1905  F ORMAT ! E10 . 4 ) 


DETERMINE  THE  COST  OF  ESTIMATING  FOR  THE  JOB  BASED  ON  JOB  SIZE. 


P4- BRAND 1 ! ISEED4  > 

ESrcST^DISTM.l >EDIST<4.2>*( JOBS  I Z**DI ST ! 4.3) > +ROFP ! DI ST ! ^ . 4 ) . 


00003930 
00003940 
00003950 
00003960 
00003970 
00003980 
00003990 
00004000 
00004010 
00004020 
00004030 
00004040 
00004050 
00004060 
00004070 
00004080 
00004090 
00004100 
00004110 
00004120 
00004130 
00004140 
00004150 
00004160 
00004170 
00004180 
00004190 
J0004200 
00004210 
0000422 0 
00004230 
00004240 
00004250 
00004260 
00004270 
00004280 
00004290 
00004300 
00004310 
00004320 
00004330 
00004340 
00004350 
00004360 
00004370 
00004380 
00004390 
00004400 
00004410 
00004420 
00004430 
00004440 
0 0004450 
0 0004460 
00004470 
00004480 
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nnnonnnn  nooonooon  nnnnnnn 


tD 1ST (4. 5) i LAM  <  4  » 1 ) . LAM < 4 . 2 ) «  LAM  <  4  >  3 ) .LAM<  4 .4 ) .P4 ) 


DETERMINE  THE  OVERHEAD  COST  FOR  THE  JOB  BASED  ON  THE  JOB  SIZE 


P5= BRANDI ( I SEEDS ) 

0HC0ST=DIST<5. 1 ) +D I  ST < 5 . 2 ) * < JOBS  I Z**D I  ST ( 5 . 3) ) +ROFP ( DI S T ( 5 . 4 ) > 
fDIST  (5.5) .LAM (5. 1 > . LAM < 5 . 2 ) . LAM < 5 . 3 ) .LAM (5. 4) .P5) 


DETERMINE  THE  SUBJECT  CONTRACTOR'S  MARKUP.  THE 
DISTRIBUTION  WERE  OBTAINED  USING  DOUG  LUDOLPH'S 
IS  M*. 


SMRKUP=DIST( 3. 1 >+0IST<3.2>*< J06SIZ**DIST < 3 » 3 > i 
SUBB I D  =  JOBS  I Z+SMRKUP* JOBSIZ 


DETERMINE  A  MODIFIED  MARKUP.  M**.  THAT  ACCOUNTS  FOR  THE  PRESENT 
BACKLOG  OF  WORK. 


PRO JU3=U2+ JTBSIZ 

IF  ( BPR IME . EO , APR  I ME )  GO  TO  2218 
IF  (U2.LT.APRIME)  GO  TO  2222 

IF  <  U2 . GE . APRIME . AND • U2 . LE . BPR IME )  GO  TO  2226 
IF  (U2.GT.BPRIME)  GO  TO  2230 

218  IF  (U2.LT. AFRIME)  GO  TO  2220 
IF  (U2.E0. APRIME)  GO  TO  2228 
IF  (U2.GT. APRIME)  GO  TO  2230 

222  IF  ( PRO JU3 . LE . BF  R I  ME )  GO  TO  2220 
IF  ( PRO JU3 . GT . BFR IME  >  GO  TO  2224 

226  IF  <  PRO  JU3  .  LE  .  BF’R  I  ME  )  GO  TO  2228 
IF  (PR0JU3.GT.BPRIME)  GO  TO  2230 

220  MODMUP  =  SMRKUP+<  < U2-APR IME ) / < RATMMA ) ) 

DO  TO  2240 

224  IF  (RATMMB.LT. 0. )  NBMM - 1 

MQDMUP=SMRKUP+( ( U2- APR IME )/( RATMMA > >+( ( PRO JU3-BPR IME ) / ( RATMMB > ) 
GO  TO  2240  . 

228  HODMUP*SMRKUP 
GO  TO  2240 


00004490 
00004500 
00004510 
00004520 
00004530 
00004540 
00004550 
00004560 
00004570 
00004580 
00004590 
00004600 
00004610 
00004620 

PARAMETERS  FOR  THIS  OC 004630 
MAG3  PROGRAM.  MARKUP00004640 
00004650 
00004660 
00004670 
00004680 
00004690 
00004700 
00004710 
00004720 
00004730 
00004740 
00004750 
00004760 
00004770 
00004780 
00004790 
00004800 
00004810 
00004820 
00004830 
00004840 
00004850 
00004860 
00004870 
00004880 
00004890 
00004900 
00004910 
00004920 
00004930 
00004940 
00004950 
00004960 
00004970 
00004980 
00004990 
00005000 
00005010 
00005020 
00005030 
00005040 
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2230  IF  (RATMMB.LT.O. )  NBMM  = 1 

MQDMUP=SMRKUP-M  (  PRO  JU3-BPR  IME  )  /  <  R  A  TMMB  )  > 


240 


(U2.GE. CHCKU)  CHCKU=0. 

<  U2 . LE . CHCKU  >  MODMUP=SMRKUP 


MSBB I D= JOBS IZ+MOBMUP* JOBSIZ 


DETERMINE  COMPETITOR'S  MARKUP. 


P6=DRAND2( ISEED6) 


00005050 

00005060 

00005070 

00005080 

00005090 

00005100 

00005110 

00005120 

00005130 

00005140 

00005150 

00005160 

00005170 

00005180 

00005190 

00005200 


CMRKUP=DIST<4. 1 >+DIST(6*2) *( JOBS  I Z*»D I  ST ( 6.3) > +ROFP < DI ST ( 6 » 4 ) . DIST00005210 


*<6. 5) .LAM (6.1). LAM <6. 2) » LAM < 6 > 3  > . L AM < 6 »  4 ) »P6> 

COMBIB= JOBS  I Z  +  CMRKUP* JOBSIZ 

IF  (U2.LE. CHCKU)  COMB ID-SUBBID+. 1E-034SUB6ID 
C 
C 
C 

C  TEST  THE  SUITABILITY  OF  THE  OPPORTUNITY  UITH  RESPECT  TO  THE 
C  USER  SPECIFIED  CONSTRAINTS  ON  JOB  SIZE. 

C 

c 

c 

BNB=1 .04B0NDCP 

PR0JU1=U1+JQBSIZ 

PROJU2=U2+JOBSIZ 

IF  ( JOBS  I Z . L I .MINJS.OR . JOBSIZ.GT . MAX JS . OR . PRO JU1 . GT . BONDCP . OR . 

* JOBSIZ.GT.BNB)  NBM  =  1 

IF  ( JOBS  I Z.LT .MINJS.OR. JOBSIZ.GT .MAX JS . OR . PRO JU2 . GT .BONDCP. OR. 
♦JOBSIZ.GT.BNB)  NBMM= 1 
IF  (NBM.ECI.O.AnD.NM.NE  1)  CBIDM=CB I DM+1 
IF  (NBM.EQ.l)  SU6BID- 

IF  <NBMM.EO.O.AND.NM.NE. 1)  CB I DMM=CB I DMM+1 
IF  (NBMM.EQ.l)  MS6BID=0. 

C 

C 

C 

C  DETERMINE  THE  PERCEIVED  POTENTIAL  AWARDED  DOLLARS  AND  GROSS  PROFITS 
C  IN  THE  MARKET  UITH  THE  SUBJECT  CONTRACTOR  BIDDING  AT  h*  AND  M** . 

C 

c 

c 

IF  (NM.EO.l )  GO  TO  2532 

IF  (SUBBID. LE.COMBID. AND. SUBBID. NE. 0.  )  GO  TO  210 
AMD l  COMBID 
PP 1 -CMRKUPt JOBSIZ 
GO  TO  211 

210  AMD  1 -SUBB I D 
PP1=SMRKUP* JOBSIZ 

211  TAMTU=TAMD1+AMD1 
GPP 1=GPP1FPP1 


00005220 

00005230 

00005240 

00005250 

00005260 

00005270 

00005280 

00005290 

00005300 

00005310 

00005320 

00005330 

00005340 

00005350 

00005360 

00005370 

00005380 

00005390 

00005400 

00005410 

00005420 

00005430 

00005440 

00005450 

00005440 

00005470 

00005480 

00005490 

00005500 

00005510 

00005520 

00005530 

00005540 

00005550 

00005560 

00005570 

00005580 

00005590 

00005600 
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n  o  r>  n  o  n  n 


IF  !MSBBID.LE.COMBIP.AND.MSBBID.NE.O.  )  GO  TO  212  00005610 

AMD2=C0MSID  00005620 

PP2=CHRKUP»J0BSIZ  00005630 

GO  TO  213  00005640 

212  AMD2=MSBBID  00005650 

F'P2  =  M0PMUF**  JOBS  I Z  00005660 

213  TAMD2=TAMD2+AM02  00005670 

GPP2=GPP2+PP2  00005680 

00005690 

00005700 

00005710 

UPDATE  CUMULATIVE  COST  OF  ESTIMATING  FOR  ALL  OPPORTUNITIES  BID  BY  THE00005720 


CONTRACTOR. 


2532  IF  !NBM.EQ.0>  C TEC  1 ^C TEC  1 EESTCS T 
IF  (N6MM.E0.0)  CTEC2=CTEC2EESTCST 


PRINT  VALUES  IF  COMPLETE  TABULATION  OF  BID  OPPORTUNITIES  SPECIFIED. 


00005730 
00005740 
00005750 
00005760 
00005770 
00005780 
00005790 
00005800 
00005910 
00005820 
00005830 
00005840 
00005850 
00005860 
00005870 
00005880 
00005890 
00005900 
00005910 
00005920 
00005930 
00005940 
00005950 
00005960 
000059 70 
00005980 


IF  (  F'RNOP  1  .  EQ  .  3  )  GO  TO  220  00005860 

GO  TO  240  00005870 

220  URITE<6. 1502)  NJ.JOBSIZ  00005880 

1502  FORMAT!////, IX, 'BID  OPPORTUNITY  NUMBER  1 1 X , 1 3 »/, 1 X , 27 !'-')»// ,  00005890 

«3X, 'ESTIMATED  COS T 1 ' , 1 X , E 1 0 . 4 )  00005900 

IF  (NBM .EQ. 1 . AND.NBMM.EQ. 1 )  GO  TO  225  00005910 

URIYE!6, 1503)  ESTCST  00005920 

1503  FORMAT <3X. 'COST  OF  ES T I MA T I NG 1 ' . 1 X , E 1 0 . 4 )  00005930 

UP  I  TE ( 6 . 1504 )  ONCOST  00005940 

1504  PJFMAK3X,  COST  OF  OVERHEAD  1  X  ,  E  1 0 . 4  >  00005950 

IF  inBm.EQ.1)  GO  TO  225  00005960 

GO  TO  226  000059 70 

225  UP  I TE : 6, 1522 )  00005980 

1522  FORMAT'//, 3X, 'THE  PROJECT  WAS  NOT  BID  BY  THE  SUBJECT  CONTRACTOR  AI00005990 

«  M*  DUE  TO  COMPANY  CONS TRA I  NTS .  '  , / . 3 X , ' THE  PROJECT  WAS  EITHER  LES00006000 
*3  THAN  MINIMUM  OR  GREATER  THAN  MAXIMUM  JOB  SIZE  NORMALLY  BID',/,  00006010 

1 3/ ,  ' OR  THE  PROJECTED  BACKLOG  IF  WON  WOULD  HAVE  EXCEEDED  BONDING  CA00006020 
•FACITt. ' )  00006030 

GO  TO  227  00C06040 

226  WF  ITE  !  6  » 1580)  U1  00006050 

1580  FORMAT!/, 3X, 'CURRENT  BACKLOG  OF  WORK  FOR  M* 1 ' , 1 X , E 1 0 . 4 )  00006060 

UR  I TE < 6, 1505 )  SMRKUP  00006070 

1505  FORMAT! 3X.  MARKUP  AT  M* 1 ' , 1 X , E 1 0 . 4 ,  00006080 

WR  I  re  < 6. 1506)  SUBBID  00006090 

1506  FORMAT! IX,  '*', IX, 'BID  AT  M* 1 ' , I  X , E 1 0 . 4 )  00006100 

227  IF  (NBMM.EO.l)  GO  TO  230  00006110 

GO  TO  235  00006120 

230  WR I TE ! 6 , 1 52 7  >  00006130 

1527  FORMAT!//, 3X, 'THE  PROTECT  WAS  NOT  BID  BY  THE  SUBJECT  CONTRACTOR  AT00006140 
*  M«»  DUE  TO  COMPANY  CONSTRAINTS. ' » / , 3X , ' THE  PROJECT  WAS  EITHER  LES00006150 
•S  THAN  MINIMUM  OR  GREATER  THAN  MAXIMUM  JOB  SIZE  NORMALLY  BID',/,  00006160 


1505  FORMAT! 3X. 'MARKUP  AT  M* 1 ' 
WR  I  T£< 6. 1506 )  SUBBID 

1506  FORMAT! IX, '*', IX, 'BID  AT 
227  IF  (NBMM.EO.l)  GO  TO  230 

GO  TO  235 
230  WR I TE ! 6 , 1 52 7  > 
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c 

c 

c 

c 

c 

c 

c 


c 

c 

c 

c 

c 

c 

c 

c 


c 

c 

c 

c 

c 

c 

c 

c 


235 

1507 

1508 

150V 

236 

151 1 

1512 


♦3X»'0R  THE  PROJECTED  BACKLOG 
♦PACITY . ' > 

GO  TO  236 
WRITE(6, 1507)  U2 

FORMAT!/. 3X. 'CURRENT  BACKLOG  OF  WORK  FOR  M** 
WR I TE  <  6 . 1 508 )  MODMUP 

FORMAT! 3X, 'MARKUP  AT  M** 1 ' » 1 X > E 1 0 . 4 > 

UR  I TE  <  6  » 1 509 )  MSBBID 

FORMAT! IX. '*'« IX. ' BID  AT  M**l ' . IX .E10 . 4 ) 
WRITE! 6. 1511)  CMRKUP 

F0RMAT(/,3X, 'COMPETITOR  MARKUP: ' . IX. El  0.4) 
WRITE!6. 1512)  COMBID 

FORMAT! IX. ' *' . IX, 'COMPETITOR  BID:'.1X.E10.4) 


DETERMINE  IF  THE  SUBJECT  CONTRACTOR  WINS  THE  JOB  BIDDING  AT  M* 


240 


IF 

GO 


fSUBBID. LE. COMBID. AND. SUBBID. NE . 0. )  GO  TO  250 
TO  400 


THE 

JOB 


SUBJECT  JOB  HAS 
SIZE  AND  BID  TO 


BEEN  WON  USING  M* 
THE  ARRAY  PR0F1. 


ASSIGN  THE  PROJECT  NUMBER. 


IF  WON  WOULD  HAVE  EXCEEDED  BONDING  CA00006170 

00006180 
00006190 
00006200 

' , IX  »  E10 . 4 )  00006210 

00006220 
00006230 
00006240 
00006250 
00006260 
00006270 
00006280 
00006290 
00006300 
00006310 
00006320 
00006330 
00006340 
00006350 
00006360 
00006370 
00006380 
00006390 
00006400 
00006410 
00006420 
00006430 
00006440 
00006450 
00006460 
00006470 
00006480 
00006490 
00006500 
00006510 
00006520 
00006530 
00006540 
00006550 
00006560 
00006570 
00006580 
00006590 
00006600 
00006610 
00006620 
00006630 

IF  (PRN0P1 .EQ.3)  WRITE(6, 1513)  PN , PN . PROF  1 ( PN , 1 ) , PN , PROF  1 ( PN . 2 ) , PN00006640 

♦  .PROF  1 !PN. 3) .PN.PR0F1 !PN, 4 ) .PN.PR0F1 1PN.5) . FN , PROF  1 ! PN , 6  > .PN.  00006650 

♦  PROF  1 IPN. 7) » PN »  PROF  1 ! PN , 8 ) »  PN , FROF 1 (PN.9)  00006660 

1513  FORMAT! /, IX.  ' THE  PROJECT  WAS  AWARDED  TO  THE  SUBJECT  CONTRACTOR  BID00006670 

♦  DING  AT  M*' ,/,lX,  AND  LOADED  IN  ARRAY  PR0F1  IN  ROW ' , 1 X , I  3 . / , 3X .  00006680 

♦  ' PROF  1 <  ' ,13, ' ,1  >1  '  ,lX*F7.3»/f3X»  'PR0F1 !',I3,'»2>:'.1X.E10.4./,3X,  00006690 

♦  ' PROF  H',I3,'.3>:',1X.E10.4./,3X, 'PR0F1 1  ' » 13,  ' , 4  > 1  ' , 1 X  » E 1 0 . 4 ./, 3X . 00006700 

♦  'PR0F1 ! ' . I  3. '  .5) t '  . IX. E 10. 4./ . 3X , 'PR0F1 l',I3.',6):'  » 1 X , E 1 0 . 4 »/. 3X . 000067 1 0 

♦  ' PROF  1 !  ',I3»'«7):'»lXfE10.4./,3X,'PR0Fl!',I3,',8):',lX,E10.4f/,  000067  20 


250 


260 


IF 

DO 

IF 

GO 


!NM.NE.l>  CW0NM=CW0NM+1 
1007  FN  =  1  , 200 

! F  ROF 1 ! PN  > 1 ) . EQ • 0 . )  GO  TO  260 
TO  1007 
PROF  1  (PN,  1  )=F'RONUM 
PR0F1 ( PN  »  2  >  =  JOBS  I Z 
PROF  1 ( PN. 3 ) =SUBB I D 
PROF  1 (PN. 7) =ESTCST 
PR0F1 (PN,8)-OHCOST 


PRINT  VALUES  ASSIGNED  TO  ARRAY  PROF  1 
OPPORTUNITIES  IS  SPECIFIED. 


IF  COMPLETE  TABULATION  OF  BID 


180 


n  n  n 


*3* . 'PR0F1 < ' . 13, ' .9) : ' . 1X.E10 .4) 

GO  ro  280 
100?  CONTINUE 


00006730 

00006740 

00006750 

00006760 

00006770 


C  FEINT  THE  FOLLOWING  MESSAGE  AND  ALL  VALUES  IN  ARRAY  PROF  1  IF  AN 
C  OVERFLOW  OCCURS, 
r 
c 
c 

WRITE (6. 270)  NS 


00006780 

00006790 

00006800 

00006810 

00006820 

00006630 

00006840 


170  FORMAT (' 1 ' .28X.81 ('*') ./.28X, 'THE  SIZE  OF  ARRAY  PR0F1  AS  SPEC  I F IED00006850 

♦  IS  INADEQUATE  FOR  SAMPLE  NO . '  *  I  3 . IX > ' AND  AN './, 29X >' OVERFLOW  HAS  0 0006960 
•OCCURRED.  THIS  ARRAY  CONTAINS  ALL  PROJECTS  THAT  HAVE  BEEN  WON'.  00006S70 

*  / >28** 'BUT  ARE  NOT  COMPLETE.  PRIOR  TO  CHANGING  THE  SIZE  Oc  T^'E  A00006880 
*RRAT.  THE  USER  SHOUE D ' . 7  »  28X  > 'DETERMINE  IF.  FOR  ALL  USER  SPEC T F I ED00006S90 

•  PARAMETERS.  IT  IS  LIKELY  THAT  GREA TER './> 28X .' THAN  30  PROJECTS  W000006900 
•OLD  BE  BA>  LOGGED  AT  ANY  GIVEN  TIME.  DATA  STORED  IN  THE  ARR A Y ' , / » 00006 9 1 ' 
» 2  S  * •  IS  PRINTED  BELOW  FOR  ANALYSIS.  IF  THE  USER  DETERMINES  THAT  100006920 
*1  !S  LlPF.Lf  IHAT  ,/. 29*.  GREATER  THAN  30  PROJECTS  MAT  BE  6ACPLOGGE00006930 
«D.  CHANGE  ! Ht  DIMENSION  STATEMENT  FOR- ./,2SX. ' THE  PROFIT  ARRAYS  T000006940 
t.  R OR  EXAMf.E,  RR’OFl'  220.9)  AND  PROF 2 < 220 . 9 )  .  THE  USER  MUST'./.  0 0006950 
*28*.  A1SU  [-ANCE  THE  MAXIMUM  SIZE  OF  THE  COUNTER.  F'N.  IN  9  DO -  LOOF' 00006960 


*b  In  Tut  PROGRAM.  '  # .' »  20X  »8 1  (  '*'  ). 
WR I  IE '6. 181  ) 

DO  10J5  PN  1  . 2 A 0 

WR1  TEI6.700  (Mr. UF  1  (F'N.I)  .1-1.9) 
10  35  CONTINUE 

GO  TO  1004 

280  U1 =U! P  PR  OF  1 ' PN. 2  > 

GO  TO  410 

400  IF  (F  RNl)Pl  .EO.  3)  WF  I  TE  <  6 . 1521  ) 


//) 


00006970 

00006980 

00006990 

00007000 

00007010 

00007020 

0000703C 

00007040 

00007050 


1521  F  JF  nA  T  <  . 


1  *  ■ 


THE  PROJECT  WAS  AWARDED  TO  THE  COMPETITOR  WITH  THE  SU00007060 


152 


•  B.'tCT  CONTRACTOR  BIDDING  AT  m*.-> 

IE  5  TF  N  -  F  R  UNL'M 

IF  . FPNOP 1 .ED. 2)  WR I TE  <  6  » 1 525 )  PRONUM . ES TCS T 
)  F  ORMAT ( 4X ,F  7 . 3.89X ,E10 . 4 ) 


STORE  VALUES  FOR  ESTIMATED  COST  AND  COMPETITOR'S  BID  ON  DISK  FOR 


00007070 

oooo?oeo 

00007090 
00007100 
000071 10 
00007120 
00007130 
00007140 


LATER  ANALYSIS  IF  COMPETITOR  WAS  AWARDED  THE  PROJECT  WITH  THE  SUP JEC T00007 1 50 


CONTRACTOR  BIDDING  AT  M*. 


IF  (NM.EO.l )  GO  TO  410 
CCWONM-CCWONM+1 
CC  JBS1  =  CC JBS1 f JOBSIZ 
CCBID1=CCBID1+C0MBID 
CROP  1 =CPGP 1 PCMRKUF*JOBSIZ 
WR  I  IF .{  10. 1910)  JOBSIZ .COMBID.CMRKUP 
1910  FORMAT ( 3E 10 . 4 ) 


00007160 

00007170 

00007180 

00007190 

00007200 

00007210 

00007220 

00007230 

00007240 

00007250 

00007260 

00007270 

00007200 
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c 

C  DETERMINE  IF  THE  SUBJECT  CONTRACTOR  WINS  THE  JOB  BIDDING  AT  A 
C  MODIFIED  M*  CACLED  M** 

C 

C 

C 

410  IF  (MS&BID.LE.COMBID.AND.MSBBID.NE.O. )  GO  TO  550 
GO  TO  590 
C 

C 

C  THE  SUBJECT  JOB  HAS  BEEN  WON  USING  M**.  ASSIGN  THE  PROJECT  NUMBER, 
C  JOB  SIZE  AND  BID  TO  THE  ARRAY  PR0F2 . 

C 

c 

c 

550  IF  (NM.NE.l)  CW0NMM=C WONMMP 1 
DO  1020  PN  ~  1  ,  200 

IF  (RR0F2(Rn. 1 ) .EQ. 0. )  GO  TO  560 

GO  TO  :020 

560  FRQF2< F'N» 1 ) =RRQNUM 
FR0F2  <  F'N  » 2 )  =  JOBS  I Z 
RR0F2(RN,3)=MSBBID 
F  R0F2 ( F  N »  7  >  =ESTCST 
RR0F2<PN.8)=0HC0ST 
C 
c 
c 

C  PRINT  VALUES  ASSIGNED  TO  ARRAY  F'ROF 2  IF  COMPLETE  TABULATION  OF  BID 
C  OPPORTUNITIES  IS  SPECIFIED. 

C 

C 

C 


00007290 
00007300 
00007310 
C000732 0 
00007330 
00007340 
00007350 
00007360 
00007370 
00007380 
00007390 
00007400 
00007410 
00007420 
00007430 
00007440 
00007450 
00007460 
000074  70 
00007480 
0000749 0 
00007500 
00007510 
00007520 
00007530 
00007540 
00007550 
00007560 
00007570 
00007580 
00007590 
00007600 
00007610 


IF  (PRN0F1  .EQ.3)  UR  I  TE  <  6  »  1  71  3  >  F'N  .  F'N  ,  PR0F2  (  PN  t  1  >  »  PN .  F'R0F2  (  PN  >  2  >  »  PN00007620 


*  .PROF  2  <  PN.  3  )  ,  F'N  ,  F'ROF  2  (  F'N  *  4  )  .  F'N  ,  PROF  2  <  F'N  •  5  )  »  PN »  PROF  2  (  PN ,  6  )  ,RN  .  0000  76  30 


♦  F  R0F2  (  F'N  ,  7  )  ,  PN  ,  PR0F2  (  PN  ,  8  )  . PN » PR0F2 ( PN . 9 >  00007640 

1713  FORMAT!/. IX.  THE  PROJECT  WAS  AWARDED  TO  THE  SUBJECT  CONTRACTOR  BI000007650 

♦  DING  AT  M** '  . /. IX .  -  AND  LOADED  IN  ARRAY  PROF  2  IN  ROW '  , 1 X . I  3 . / . 3X ,  00007t60 


♦  '  F’ROF 2  (  ' 

,  13  . 

'  »  1  ) 

:  '  ,1X,F7.3,/,3X,  • 

■  PR0F2 (  ' 1 

•  13,  ' 

f2>: ' 

>1X,E10.4,/,3X,  00007670 

♦  '  F'ROF  2  i  ' 

,13, 

'  t2> 

; ' .1X.E10.4./.3X, 

1  '  F  R0F2 (  ' 

'  ,  13  , 

'  tA)l 

IX, E10. 4. /.3X, 00007630 

♦  '  F'  R  0  F  2  (  ' 

.13. 

'  > 

:  '  ,  1  X  ,  E 1 0 . 4  .  /  .  i  X  , 

■  '  L'ROF  2  (  ' 

.13, 

' » 6) : 

', IX, El  0.4,/, 3 X, 00007690 

♦  'PR0F2C  ' 

.13, 

'  »  7  ) 

: ' . 1 X ,E10 . 4 ,/ ,3X . 

.  '  PR0F2  <  ' 

,13. 

' » 8) : 

' . 1X.E10.4./,  0)007700 

t  3X .  ' PROF 

2  (  '  , 

I  3  ?  ' 

,9 ) : ' . t  x ,eio . 4  ) 

00007710 

GO  TO  580  0 0 0 0  7  7 7 0 

1020  CONTINUF  00007730 

C  00007740 

C  00007  ■’C.O 

C  OOOA  •  -.0 

C  PRINT  THE  FOLLOWING  MESSAGE  AND  ALL  VALUES  IN  ARRAY  PR0F2  IF  AN  0000  ’  '0 

C  OVERFLOW  OCCURS.  00007730 

C  00007’’90 

C  00007600 

C  000  0  78 1 0 


WRITE <6. 570)  NS  00007820 

570  FORMAT (' 1 ' .28X.81 <'*') ./.28X THE  SIZE  OF  ARRAY  PROF  2  AS  SPEC  I F I EDOOOO 78 30 
♦  IS  INADEQUATE  FOR  SAMPLE  NO. '. 13. IX . 'AND  AN './. 28X .' OVERFLOW  HAS  00007840 
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•OCCURRED.  THIS  ARRAY  CONTAINS  ALL  PROJECTS  THAT  HAVE  BEEN  WON'.  00007850 

•  /.2BX.'BUT  ARE  NOT  COMPLETE.  PRIOR  TO  CHANGING  THE  SIZE  OF  THE  A00007860 
•RRAY *  THE  USER  SHOULD' ./.2BX. 'DETERMINE  IF,  FOR  ALL  USER  SPECIFIED00007B70 

•  PARAMETERS r  IT  IS  LIKELY  THAT  GREATER' »/»28X. 'THAN  30  PROJECTS  W0000078B0 

•  ULD  BE  BACKLOGGED  AT  ANY  GIVEN  TIME.  DATA  STORED  IN  THE  ARRAY' ./ .00007890 
•2BX. 'IS  PRINTED  BELOW  FOR  ANALYSIS.  IF  THE  USER  DETERMINES  THAT  100007900 
•T  IB  LIKELY  THAT' ./.28X. 'GREATER  THAN  30  PROJECTS  MAY  BE  BACKLOGGE00007910 
•Dr  CHANGE  THE  DIMENSION  STATEMENT  FOR' »/.28X. 'THE  PROFIT  ARRAYS  T000007920 

•  r  FOR  EXAMPLE r  PR0F1 < 220 r 9 >  AND  PR0F2 ( 220 r 9 > .  THE  USER  MUST'r/r  00007930 

•  28X t ' ALSO  CHANGE  THE  MAXIMUM  SIZE  OF  THE  COUNTERt  PNr  IN  9  DQ-LOOP00007940 

»S  IN  THE  PROGRAM. ' ./r28X.Bl< '*' >r//)  00007950 

URITE(6. 181 )  00007960 

DO  1040  PN=1»200  00007970 

WRITE ( 6  r  710  >  < PR0F2 < PN r I > r I  =  1 » 9 >  00007980 

1040  CONTINUE  00007990 

GO  TO  1004  00008000 

580  U2*U2+PR0F  2 ( PN  » 2 )  00008010 

GO  TO  2524  00008020 

590  IF  <PRN0P1.E0.3>  WRITE < 6 . 15301  00008030 

1530  F0RMAT</.1X» 'THE  PROJECT  WAS  AWARDED  TO  THE  COMPETITOR  WITH  THE  SU00008040 
♦BJECT  CONTRACTOR  BIDDING  AT  M*# . ' )  00008050 

IF  < PRONUM . EQ. TESTPN)  GO  TO  592  00008060 

IF  (PRN0P1 . E0.2)  URITE<6f 1525)  PRONUM. ESTCST  00008070 

00008080 

00008090 

00008100 

STORE  VALUES  FOR  ESTIMATED  COST  AND  COMPETITOR'S  BID  ON  DISK  FOR  00008110 

LATER  ANALYSIS  IF  COMPETITOR  WAS  AWARDED  THE  PROJECT  WITH  THE  SUBJECT00008120 
CONTRACTOR  BIDDING  AT  M**.  00008130 

00008140 

00008150 

00008160 

IF  (NM.EO.l)  GO  TO  2524  00008170 

592  CCWNMM-CCWNMM+1  00008180 

CC JBS2=CC JBS2+J0BSIZ  00008190 

CCBID2- CCBID2+C0MBID  00008200 

CPGP2=CPGP2+CMRKUP#J0BSIZ  00008210 

WRITE( 11 r 1910)  JOBSIZr COMBI D.CMRKUP  00008220 

00008230 

00008240 

00008250 

2524  IF  (NM.EO.l. AND. Ul.GE.CHCKU. AND. U2.GE.CHCKU)  GO  TO  1005  00008260 

1006  CONTINUE  00008270 

00008280 

00008290 

00008300 

THE  END  OF  THE  MONTH  HAS  OCCURRED.  DETERMINE  THE  WORK  RATE  THAT  WAS  00008310 
LOST  DURING  THE  MONTH  BASED  ON  THE  BACKLOG  OF  WORK  AT  THE  BEGINNING  00008320 
OF  THE  MONTH.  00008330 

00008340 

00008350 

00008360 

2520  WL1=(WMAX-W1)*LABEQP  00008370 

NP=0  00008380 

00008390 

00008400 


2524  IF  (NM.EO.l. AND. Ul.GE.CHCKU. AND. U2.GE.CHCKU)  GO  TO  1005 
1006  CONTINUE 
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DO-LOOP  FOR  COUNTING  THE  NUMBER  OF  PROJECTS  IN  ARRAY  PR0F1. 


DO  1008  PN= 1.200 
IF  <PROFl<PNfl).GT.O.)  NP=NP+1 
1008  CONTINUE 

IF  <NP.EQ.0>  GO  TO  621 


THE  WORK  COMPLETE  AND  THE  WORK  LOST  FOR  THE  MONTH  ARE  EQUALLY 
DISTRIBUTED  TO  ALL  JOBS  IN  ARRAY  PR0F1. 


UP1-W1 /FLOAT <NP> 
WLP1=WL1 /FLOAT (NP  > 
UR 1=0. 

MLR 1=0. 

CWR1=0. 

CULR1=0. 


PRINT  VALUES  IF  COMPLETE  TABULATION  OF  BID  OPPORTUNITIES  SPECIFIED. 


00008410 

00008420 

00008430 

00008440 

00008450 

00008460 

00008470 

00008480 

00008490 

00008500 

00008S10 

00008S20 

00008S30 

00008540 

00008550 

00008560 

00008570 

00008580 

00008590 

00008600 

00008610 

00008620 

00008630 

00008640 

00008650 

00008660 

00008670 

00008680 

00008690 

00008700 

00008710 

00008720 

00008730 

00008740 

00008750 

00008760 


IF  ( PRN0P1 . EQ • 3 )  GO  TO  595  00008700 

GO  TO  596  00008710 

595  WRITE (6 >1550)  NM  00008720 

1550  FORMAT <//////>lX>132( '  - ' ) >/ >59X  , 'END  OF  MONTHS ', IX, 13,/, IX,  00008730 

♦  132! »/.46X> 'COMPLETE  ANALYSIS  OF  UPDATING  ARRAY  PR0F1',/,  00008740 

♦IX. 132 < '-' ))  00008750 

URITE ( 6 • 1551 )  UL1  00008760 

1551  FORMAT (//.IX. 'WORK  LOST  DURING  THE  MONTH  (NDT  INCLUDING  MATERIALS >00008770 

♦  *.  '  .1X.E10.4)  00008780 

WRITE(6> 1552)  NP  00008790 

1552  FORMAT < IX, 'NUMBER  OF  PROJECTS  BACKLOGGED! ' . IX. 13)  00008800 

WRITE! 6. 1555)  UP1.WLP1  00008810 

1555  FORMAT! IX, 'PROPORTION  OF  WORK  COMPLETE  RATE  TO  BE  EQUALLY  DISTRIBU00008820 

♦TED  TO  ALL  PROJECTS J ', IX .E10 . 4,/, IX , 'PROPORTION  OF  WORK  LOST  RATE  00008830 

♦  TO  BE  EQUALLY  DISTRIBUTED  TO  ALL  PROJECTS 5 ', IX ,E10. 4)  00008840 

00008850 

00008860 

00008870 

DO-LOOP  FOR  CHECKING  IF  THE  ACTUAL  WORK  COMPLETE  PLUS  THE  PROPORTION  00008880 
OF  THE  WORK  COMPLETION  RATE  FROM  ABOVE  EXCEEDS  THE  PROJECT  SIZE.  00008890 

00008900 

00008910 

00008920 

596  CAWC=0 •  00008930 

DO  1009  PN* 1,200  00008940 

IF  (PR0F1 (PN, 1 > .EQ.O. >  GO  TO  1009  00008950 

CAWC=PR0F1 (PN.4 )+WPl  00008960 
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IF  ( CAUC . GT . PROF  1 ( PN >  2 >  >  00  TO  600 
GO  TO  1009 


DETERMINE  THE  PROPORTION  OF  THE  WORK  COMPLETE  RATE  AND  THE  WORK 
RATE  THAT  MUST  BE  DISTRIBUTED  TO  COMPLETE  THE  JOB. 


600  WR1=PR0F1 <PN»2)-PR0F1 <PN»4 ) 
ULR1=( WR1/U1 ) tULl 


UPDATE  ARRAY  PR0F1  WITH  THE  ABOVE  INFORMATION. 


PROF 1 ( PN . 4 ) -PROF 1 ( PN i 4 ) +WR 1 
PROF 1 <  PN , 5 ) =PROF 1  <  PN  .  5  > +ULR1 

PROF 1  ( PN  >  6 ) “PROF l(PN»3)-<  PROF 1 <  PN . 2  >  +PROF 1 ( PN » 5 ) > 
PROF 1 <  PN . 9 ) =PROF 1 <  PN  *  6 ) -PROF 1 <  PN . 7 > -PR0F1 ( PN  1 0  > 


STORE  VALUES  FROM  ARRAY  PR0F1  FOR  THE  COMPLETED  JOB  ON  DISK  FOR 
LATER  ANALYSIS. 


ACTCT1 -PR0F1 <  PN . 2 ) +PROF 1 <  PN » 5  > 

CACCT1=CACCT 1 FACTCT1 

WRITE < 12» 1920 >  PROF! (PN.2) ,PR0F1 (PN,3> » ACTCT1 rPROFl <PN»6> t 
•PROF 1 <  PN»  9 ) 

1920  FORMAT  <  SE10 . 4 ) 


UPDATE  COUNTERS  FOR  ARRAY  PR0F1. 


0000B970 
00008980 
00008990 
00009000 
00009010 
LOST  00009020 
00009030 
00009040 
00009050 
00009060 
00009070 
00009080 
00009090 
00009100 
00009110 
00009120 
00009130 
00009140 
00009150 
00009160 
00009170 
00009180 
00009190 
00009200 
00009210 
00009220 
00009230 
00009240 
00009250 
00009260 
00009270 
00009280 
00009290 
00009300 
00009310 
00009320 
00009330 
00009340 
00009350 
00009360 
00009370 


CCOMM-CCOMM+1 
NP*NP-1 
CWR1-CWR1+WR1 
CULR 1 “CMLR l+MLR 1 
CJS1=CJ81+PR0F1 <PNt 2> 
CBID1»CBI Dl+PRGF 1 (PN i 3 ) 
C AWC 1 »CAWC 1 +PROF 1 ( PN . 4 ) 
CAC  1«=CAC1  ♦  PROF  1  <  PN  »  5 ) 
CGP1=CGP1+PR0F1 <PN.6> 
CEC1 “CEC1+PR0F1 <PN*  7) 
COHC 1 «COHC 1 +PROF 1 <  PN  »  8 ) 
CNP1 -CNP1 ♦PROF 1 <  PN  1 9 ) 


00009380 

00009390 

00009400 

00009410 

00009420 

00009430 

00009440 

00009450 

00009460 

00009470 

00009480 

00009490 

00009500 

00009510 

00009520 
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00009530 

00009540 

PRINT  VALUES  IF  COMPLETE  TABULATION  OF  BIO  OPPORTUNITIES  SPECIFIED.  00009550 

00009560 

00009570 

00009580 

IF  <PRN0P1.EQ.3>  00  TO  598  00009590 

00  TO  599  00009600 

598  WRITE<6»1560>  PR0F1 <PN, 1 ) ,WR1 rWLRl  00009610 

1560  FORMAT!/, IX, 'PROJECT' ,1X,F7.3,1X, 'DOES  NOT  REQUIRE  THE  ENTIRE  PROP00009620 

60RTI0N  OF  THE  WORK  COMPLETE  RATE' »/»lX» 'ALLOTTED  TO  CLOSE  OUT  THE  00009630 
•PROJECT, '»/»3X*'U0RK  REQUIRED  TO  CLOSE  OUT? ' , 1X.E10 . 4>/,3X» 'PR0P0R00009640 


•TION  OF  WORK  LOST  ASSOCIATED  WITH  THE  ABOVE? ' »1X»E10.4) 
WRITE<6r 1561 ) 

1561  FORMAT!/, IX, 'SUMMARY  FOR  THE  ABOVE  PROJECT  AT  COMPLETION?') 
WRITE (6,181) 

WRITE ( 6  r  700  >  (PR0F1 !PNiI)»I-l»9> 

700  FORMAT !4X,F7.3,1X,E10.4,1X,E10.4,3!12X,E10.4),3!1X,E10.4)) 
00  TO  610 


PRINT  SUMMARY  OF  THE  COMPLETED  PROJECT  IF  COMPLETE  TABULATION  OF 
RESULTS  FOR  SAMPLE  SPECIFIED. 


599  IF  (PRN0P1.EQ.2)  URITE<6»700)  ! PR0F1 !PN, I > , 1-1 ,9) 


00009650 

00009660 

00009670 

00009680 

00009690 

00009700 

00009710 

00009720 

00009730 

00009740 

00009750 

00009760 

00009770 

00009780 

00009790 

00009800 

00009810 

00009820 


DO-LOOP  TO  REMOVE  THE  COMPLETED  JOB  FROM  THE  ARRAY  PR0F1  AFTER  THE 
RESULTS  HAVE  BEEN  PRINTED  AND  TABULATED. 


610  DO  1010  1-1,9 
PR0F1 (PN, I )=0. 
010  CONTINUE 
1009  CONTINUE 


DETERMINE  THE  REMAINING  PROPORTION  OF  THE  WORK  COMPLETE  RATE  AND 
THE  WORK  LOST  RATE  THAT  WILL  BE  EQUALLY  DISTRIBUTED  TO  THE  REMAINING 
JOBS  AFTER  THE  ABOVE  JOBS  IN  ARRAY  PR0F1  ARE  CLOSED  OUT. 


WRM1-W1-CWR1 
WLRM1-WL1-CWLR1 
IF  INP.LE.O)  GO  TO  620 
WNP 1 -WRM 1 /FLOAT ( NP ) 
WNLP1-WLRM1/FL0ATINP) 


00009830 

00009840 

00009850 

00009860 

00009870 

00009B80 

00009890 

00009900 

00009910 

00009920 

00009930 

00009940 

00009950 

00009960 

00009970 

00009980 

00009990 

00010000 

00010010 

00010020 

00010030 

00010040 

00010050 

00010060 

00010070 

00010080 


186 


nnooon  nnononnnn  nonoonon  oonon 


PRINT  VALUES  IF  COMPLETE  TABULATION  OF  BID  OPPORTUNITIES  SPECIFIED. 


00010090 
00010100 
00010110 
00010120 
00010130 

IF  (PRN0P1.EQ.3)  00  TO  612  00010140 

00  TO  615  00010150 

612  WRITE(6,156S)  NP  00010160 

1565  FORMAT!//. IX. 'NUMBER  OF  PROJECTS  REMAINING  AFTER  COMPLETIONS* ' ,  00010170 

•  IX. 13)  00010180 

WRITE (6, 1570)  WRM1 »  WLRM1  00010190 

1570  FORMAT (IX, 'REMAINING  WORK  COMPLETE  RATE t * • 1X.E10. 4»/» IX. 'REMAININ000010200 

•  WORK  LOST  RATE! * , 1X.E10.4)  00010210 

WRITE ( 6 ,1571 >  WNP1.WNLP1  00010220 

1571  FORMAT: IX. 'PROPORTION  OF  REMAINING  WORK  COMPLETE  RATE  TO  BE  EQUALL00010230 

•  Y  DISTRIBUTED  TO  UNCOMPLETED  PROJECTS t IX. E10. 4 ,/, IX* 'PROPORTION  00010240 

•OF  WORK  LOST  RATE  TO  BE  EQUALLY  RIBUTED  TO  UNCOMPLETED  PR0JECT00010250 


IS: ' . 1X.E10.4)  00010260 

WRITE (6, 1575)  00010270 

1575  FORMAT(//f IX. 'SUMMARY  OF  UNCOMPLETED  PROJECTS  IN  ARRAY  PROFi:')  00010280 
WRITE (6. 181 )  00010290 

00010300 

00010310 

00010320 

UPDATE  PROJECTS  IN  ARRAY  PROFI  AND  PRINT  VALUES  IF  COMPLETE  00010330 

TABULATION  OF  BID  OPPORTUNITIES  SPECIFIED.  00010340 

00010350 

00010360 

00010370 

615  DO  1011  PN=1 .200  00010380 

IF  (PROFI (PN. 1 ). EO. 0. )  00  TO  1011  00010390 

PROF 1 ( PN . 4 ) =PROF 1 ( PN . 4 ) +WNP 1  00010400 

PROF 1 <  PN»5)=F‘R0F1 (PN.5) +WNLP1  00010410 

IF  (PRN0P1.E0.3)  WRITE(6.700)  (PROFI (PN. I ) . 1=1 .9)  00010420 

1011  CONTINUE  00010430 

GO  TO  625  00010440 

620  W1=CUR1  00010450 

GO  TO  625  00010460 

621  U1=0.  00010470 

00010480 

00010490 

00010500 

THE  END  OF  THE  MONTH  HAS  OCCURRED.  DETERMINE  THE  WORK  RATE  THAT  WAS  00010510 
LOST  DURING  THE  MONTH  BASED  ON  THE  BACKLOG  OF  WORK  AT  THE  BEGINNING  00010520 
OF  THE  MONTH.  00010530 

00010540 

00010550 

00010560 

625  WL2* ( WMAX-W2 ) 4LABEQP  00010570 

NP=0  00010580 

00010590 

00010600 

00010610 

DO-LOOP  FOR  COUNTING  THE  NUMBER  OF  PROJECTS  IN  ARRAY  PR0F2.  00010620 

00010630 

00010640 


UPDATE  PROJECTS  IN  ARRAY  PROFI  AND  PRINT  VALUES  IF  COMPLETE 
TABULATION  OF  BID  OPPORTUNITIES  SPECIFIED. 


615  DO  1011  PN=1 ,200 

IF  ( PROFI ( PN. 1 ) . EO . 0 . )  00  TO  1011 
PROF 1 ( PN , 4 ) -PROF 1 ( PN . 4 ) +WNP 1 
PROF 1 ( PN . 5 ) =PROF 1 ( PN , 5 ) +WNLP1 

IF  (PRN0P1.E0.3)  WRITE(6,700)  (PROFI (PN, I ) » 1  =  1 ,9) 
1011  CONTINUE 
GO  TO  625 

620  W1=CUR1 
GO  TO  625 

621  U1=0. 
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DO  1021  PN=1 >200 
IF  <PR0F2(PN» 1 ) .GT .0. )  NP'NP+l 
1021  CONTINUE 

IF  <NP.E0.0>  GO  TO  712 


THE  WORK  COMPLETE  AND  THE  WORK  LOST  FOR  THE  MONTH  ARE  EQUALLY 
DISTRIBUTED  TO  ALL  JOBS  IN  ARRAY  PR0F2 . 


WP2=W2/FL0AT  <  NP ) 
WLP2“WL2/FL0AT  <  NP  > 
WR2=0. 

WLR2=0. 

CWR2=0. 

CULR2-0 . 


PRINT  VALUES  IF  COMPLETE  TABULATION  OF  BID  OPPORTUNITIES  SPECIFIED. 


IF  (PRN0P1 .EQ.3)  GO  TO  630 
GO  TO  635 

630  WRITE <6*1 750 )  NM 

1750  FORMAT (///»1X»132<'-')»/i46X» 'COMPLETE  ANALYSIS  OF  UPDATING  ARRAY 
♦  FR0F2 '*/»lX»l 32 <'-')) 

WRITE ( 6 > 1551 )  WL2 
WRITE ( 6 » 1552 )  NP 
WRITE < 6 1 1555 )  WP2.WLP2 


DO-LOOP  FOR  CHECKING  IF  THE  ACTUAL  WORK  COMPLETE  PLUS  THE  PROPORTION 
OF  THE  WORK  COMPLETION  RATE  FROM  ABOVE  EXCEEDS  THE  PROJECT  SIZE. 


635  CAWC-O. 

DO  1022  PN=1 >200 

IF  < PROF 2<PN»1). EO . 0 . )  00  TO  1022 
CAWC*PR0F2  <PN»4) +WP2 
IF  <  CAWC . GT .PR0F2 <PN » 2 ) )  GO  TO  650 
GO  TO  1022 


DETERMINE  THE  PROPORTION  OF  THE  WORK  COMPLETE  RATE  AND  THE  WORK  LOST 
RATE  THAT  MU8T  BE  DISTRIBUTED  TO  COMPLETE  THE  JOB. 


00010650 
00010660 
00010670 
0001 06B0 
00010690 
00010700 
00010710 
00010720 
00010730 
00010740 
00010750 
00010760 
00010770 
00010780 
00010790 
00010800 
00010810 
00010820 
00010830 
00010840 
00010850 
00010860 
00010870 
00010880 
00010890 
00010900 
00010910 
00010920 
00010930 
00010940 
00010950 
00010960 
00010970 
00010980 
00010990 
00011000 
00011010 
00011020 
00011030 
00011040 
00011050 
00011060 
00011070 
00011080 
00011090 
00011100 
00011110 
00011120 
00011130 
00011140 
00011150 
00011160 
00011170 
00011180 
00011190 
00011200 
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450  WR2°PR0F2  < PN  »  2  > -PR0F2  <  PN  #  4  > 
WLR2« <  UR2/U2 > ♦HL2 


UPDATE  ARRAY  PR0F2  WITH  THE  ABOVE  INFORMATION. 


PR0F2 <  PN . 4 ) «PR0F2  <  PN . 4 ) +WR2 
PR0F2 <  PN  *  5 ) =PR0F2 ( PN  r  5 ) +WLR2 

PR0F2  <  PN  1 4 ) =PR0F2  <PN » 3 )  -  < PR0F2  <  PN  »  2 ) +PRQF2  <  PN  »5  > > 
PR0F2  <  PN » 9 ) =PR0F2  <  PN  >  4  > -PR0F2  <  PN  »  7 ) -PR0F2  <  PN  *  B  > 


STORE  VALUES  FROM  ARRAY  PR0F2  FOR  THE  COMPLETED  JOB  ON  DISK  FOR 
LATER  ANALYSIS. 


ACTCT2=PR0F2  <  PN . 2 ) +PR0F2  <  PN . 5  > 

CACCT2=CACCT2+ACTCT2 

WRITE ( 13 1 1920 >  PR0F2< PN. 2> .PR0F2 < PN» 3 > t ACTCT2 »PR0F2< PN.4 ) » 
•PR0F2<PN»9> 


UPDATE  COUNTERS  FOR  ARRAY  PR0F2. 


CCOMMM=CCOMHM+ 1 
NP=NP-1 
CUR2=CUR2+UR2 
CULR2=CULR2+ULR2 
CJS2=CJS2+PR0F2<PN»2) 
CBID2*CBID2+PR0F2  <  PN»  3  > 
CAUC2=CAUC2+PR0F2  <  PN . 4  > 
CAC2»CAC2+PR0F2<PN.5> 
CGP2=CGP2+PR0F2  <  PN . 4 ) 
CEC2=CEC2+PR0F2 ( PN » 7 ) 
C0HC2=C0HC2+PR0F2  <  PN . 8 ) 
CNP2=CNP2+PR0F2  <  PN  1 9 ) 


PRINT  VALUES  IF  COMPLETE  TABULATION  OF  BID  OPPORTUNITIES  SPECIFIED. 


IF  <PRN0P1.EQ.3>  00  TO  455 
00  TO  457 

455  WRITE<4» 1540)  PR0F2(PN. 1 ) .WR2.WLR2 
URITE<4t 1541 ) 

WRITE(4> 1S1 > 


00011210 

00011220 

00011230 

00011240 

00011250 

00011240 

00011270 

00011280 

00011290 

00011300 

00011310 

00011320 

00011330 

00011340 

00011350 

00011340 

00011370 

00011380 

00011390 

00011400 

00011410 

00011420 

00011430 

00011440 

00011450 

00011440 

00011470 

00011480 

00011490 

00011500 

00011510 

00011520 

00011530 

00011540 

00011550 

00011540 

00011570 

00011580 

00011590 

00011400 

00011410 

00011420 

00011430 

00011440 

00011450 

00011440 

00011470 

00011480 

00011490 

00011700 

00011710 

00011720 

00011730 

00011740 

00011750 

00011740 
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n  n  n  n n n n n n n  nnnnnnnnn  nnnnnono  ooooonnn 


onoonnnn  nooonno  n n n n n o o n  nonno 


UPDATE  PROJECTS  IN  ARRAY  PROF 2  AND  PRINT  VAULUES  IF  COMPLETE 
TABULATION  OF  BID  OPPORTUNITIES  SPECIFIED. 


670  DO  1024  PN=1 » 200 

IF  <PR0F2<PN» 1 > .EQ.O. >  00  TO  1024 
PR0F2  ( PN  *  4 )  =PR0F2  < PN » 4  >  +WNP2 
PR0F2  <  PN » 5  >  =PR0F2  <  PN . 5  > +UNLP2 

IF  (PRN0P1.EQ.3)  WRITE<6»710)  < PRQF2(PN. I > » 1=1 .9 > 
1024  CONTINUE 
00  TO  714 

711  W2=CWR2 
GO  TO  714 

712  W2=0. 


UPDATE  THE  BACKLOG  OF  WORK  FOR  THE  BEGINNING  OF  THE  NEXT  MONTH  AND 
THE  WORK  COMPLETION  RATE  FOR  THE  NEXT  MONTH. 


714  U1=U1-W1 

IF  (Ul.LE.O.)  U1=0. 

U2=U2-W2 

IF  (U2.LE.0. >  U2=0. 
W1=CB*U1*2.71828**<-KB*U1) 
U2=CB*U2*2. 71828**! -KB#U2> 
IF  < W1 . GT . UMAX )  W1=WMAX 


00012330 

00012340 

00012350 

00012360 

00012370 

00012380 

00012390 

00012400 

00012410 

00012420 

00012430 

00012440 

00012450 

00012460 

00012470 

00012480 

00012490 

00012500 

00012510 

00012520 

00012530 

00012540 

00012550 

00012560 

00012570 

00012580 

00012590 

00012600 

00012610 

00012620 


IF  < W2 • GT . WMAX )  W2=UMAX 

IF  <U1 .LE.CHCKU)  W1=WMAX 

IF  <U2. LE.CHCKU)  U2=UMAX 

CUU=CUW+1 

CU1=CU1+U1 

CU1=CU1+U1 

CU2=CU2+U2 

CW2=CW2+W2 


STORE  VALUES  OF  U1  AND  U2  ON  DISK 


WRITE! 14 1 1930)  Ul.Wl.U2.U2 
1930  FORMAT (4E10.4) 

1005  CONTINUE 


00012630 

00012640 

00012650 

00012660 

00012670 

00012680 

00012690 

00012700 

00012710 

00012720 

00012730 

FOR  LATER  ANALYSIS.  00012740 

00012750 
00012760 
00012770 
00012780 
00012790 
00012800 
00012810 
00012820 
00012830 
00012840 
00012850 
00012860 
00012870 
00012880 


DETERMINE  MOMENTS.  SKEWNESS  AND  KURTOSIS  FOR  THE  NUMBER  OF  MONTHLY 
BID  OPPORTUNITIES  GENERATED. 
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nnnoonoo  non 


NM0NTH=NM0NTH-1 
DO  2200  1  =  1 » 6 
GDIST  < 1 f I >=0. 

2200  CONTINUE 

IF  (NH0NTH.EQ.0)  00  TO  1033 

GDI ST ( 1 . 1 ) =FL0AT <  CN JOBS ) /FLOAT  <  NMONTH  > 

REWIND  8 

DO  1036  1=1 .NMONTH 
READ  ( 8 , 1900 )  IDATA 
DATA  ( 1 ) =FLOAT < IDATA  > 

XMX ( 1 ) =DATA < 1 ) -GDI ST ( 1 , 1 ) 

GDI ST  (1,2) =GDIST  < 1 » 2 ) +XMX  ( 1  )<t*2 
GDIST(1,3)=GDIST(1»3>+XMX(1>**3 
GDIST(1.4)=GDIST(1,4)+XMX(1>**4 
1036  CONTINUE 

GD I ST ( 1 . 2 ) =GDIST (1.2) /FLOAT  <  NMONTH  > 
GDIST(1,3)=GDIST( 1.3) /FLOAT (NMONTH) 
GDIST(1.4)=GDIST( 1,4) /FLOAT (NMONTH) 

IF  ( GDI ST (1.2) .EG . 0 . )  GO  TO  1034 
GDIST(l.S) =GDIST (1.3) /GDI ST ( 1 . 2  >#<1 • 5 
GDIST(1.6) =GDIST (1.4) /GDI ST (1.2) ##2 
NM0NTH=NM0NTH+1 
GO  TO  1033 
1034  GDIST ( 1 .5) =0. 

GDIST (1,6) =0 . 

NM0NTH=NM0NTH+1 


DETERMINE  MOMENTS,  SKEWNESS  AND  KURTOSIS  FOR  THE  DISTRIBUTION  OF 
ESTIMATED  FROJECT  SIZE  GENERATED. 


1033  DO  2202  1=1.6 
GDIST ( 2, I )=0. 

2202  CONTINUE 

IF  (CNJOBS.EO.O)  GO  TO  2500 
GDIST (2,1) =C JBSIZ/FLOAT ( CN JOBS > 

REWIND  9 

DO  1037  1=1 .CNJOBS 
READ ( 9 , 1905 )  DATA(2> 

XMX ( 2 ) =DATA( 2 ) -GDIST (2,1) 
GDIST(2,2)=GDIST(2.2)+XMX(2>**2 
GDIST(2,3)=GDIST(2»3)+XMX(2)**3 
GDIST ( 2. 4  >=GDIBT (2,4) +XMX( 2  >**4 
1037  CONTINUE 

GDIST(2.2)=GDIST <2, 2) /FLOAT (CNJOBS) 
0DIST(2.3)*0DIST(2.3) /FLOAT ( CNJOBS  > 
GDI ST ( 2 . 4 ) =GDIST (2,4) /FLOAT  <  CNJOBS  > 

IF  (GDI8T(2,2).EQ.O.)  GO  TO  1032 
GDIST (2»5>=0D 1ST (2, 3) /GDIST (2,2>#*1.5 
GDIST (2, 6 >=GDIST (2.4  > /GDIST (2,2)>*2 


00012890 

00012900 

00012910 

00012920 

00012930 

00012940 

00012950 

00012960 

00012970 

00012980 

00012990 

00013000 

00013010 

00013020 

00013030 

00013040 

00013050 

00013060 

00013070 

00013080 

00013090 

00013100 

00013110 

00013120 

00013130 

00013140 

00013150 

00013160 

00013170 

00013180 

00013190 

00013200 

00013210 

00013220 

00013230 

00013240 

00013250 

00013260 

00013270 

00013280 

00013290 

00013300 

00013310 

00013320 

00013330 

00013340 

00013350 

00013360 

00013370 

00013380 

00013390 

00013400 

00013410 

00013420 

00013430 

00013440 
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GO  TO  2500 
1032  GDIST  C  2  f  5 ) =0 • 

GDIST  <  2  ?  6 ) =0 . 

C 

C 

C 

C  DETERMINE  MOMENTS?  SKEWNESS  AND  KURTOSIS  FOR  ESTIMATED  COSTS?  BIDS? 
C  ACTUAL  COSTS?  GROSS  PROFITS  AND  NET  PROFITS  FOR  PROJECTS  COMPLETED 
C  BY  THE  SUBJECT  CONTRACTOR  BIDDING  AT  M*. 

C 

C 

C 

2500  DO  1039  I=3?7 
DO  1048  J=l?6 
GDIST ( I ?  J ) =0 • 

1048  CONTINUE 
1039  CONTINUE 

IF  (CCOMM. Ed. 0)  GO  TO  2505 
GDIST<3?1) =C JS1/FL0AT ( CCOMM  > 

GDIST<4?1) =CBID1 /FLOAT  <  CCOMM ) 

GDIST(5?1) =CACCT1 /FLOAT  <  CCOMM ) 

GDIST<6?1 )=CGP1 /FLOAT ( CCOMM) 

GDIST  <  7  ? 1 ) =CNP1 /FLOAT ( CCOMM  > 

REWIND  12 

DO  1041  M=l? CCOMM 

READ (12? 1920 )  < DATA ( I ) ? 1=3 ? 7 ) 

DO  1042  1=3  ?  7 

XMX  < I ) =DAT  A ( I ) -GDIST  < I ? 1 ) 

DO  1045  J=2  ?  4 

GDIST(I?J)=GDIST(I?J)+XMX(I  )ltJ 

1045  CONTINUE 

1042  CONTINUE 
1041  CONTINUE 

DO  1043  I =3? 7 
DO  1044  J=2  ?  4 

GD  1ST  < I ?  J ) =GDIST  < I ?  J ) /FLOAT  < CCOMM > 

1044  CONTINUE 

1043  CONTINUE 

DO  1046  I =3? 7 

IF  (GDIST<I?2).EQ.O.)  GO  TO  1049 
GDIST(I?5)=GDIST<I?3)/GDIST<I?2>**1.5 
GDIST <I?6)=GDIST< I ? 4 > /GDI  ST < I ? 2 > »*2 
GO  TO  1046 

1049  GDIST < I ?  5 ) =0 . 

GDIST  < I ?  6 ) =0 . 

1046  CONTINUE 
C 

C 

C 

C  DETERMINE  MOMENTS?  SKEWNESS  AND  KURTOSIS  FOR  ESTIMATED  COST?  BIDS? 

C  ACTUAL  COSTS?  GROSS  PROFITS  AND  NET  PROFITS  FOR  PROJECTS  COMPLETED 
C  BY  THE  SUBJECT  CONTRACTOR  BIDDING  AT  M**. 

C 

C 

C 

2505  DO  1058  I=B?12 


00013450 

00013460 

00013470 

00013480 

00013490 

00013500 

00013510 

00013520 

00013530 

00013540 

00013550 

00013560 

00013570 

00013580 

00013590 

00013600 

00013610 

00013620 

00013630 

00013640 

00013650 

00013660 

00013670 

00013680 

00013690 

00013700 

00013710 

00013720 

00013730 

00013740 

00013750 

00013760 

00013770 

00013780 

00013790 

00013800 

00013810 

00013820 

00013830 

00013840 

00013850 

00013860 

00013870 

00013880 

00013890 

00013900 

00013910 

00013920 

00013930 

00013940 

00013950 

00013960 

00013970 

00013980 

00013990 

00014000 
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DO  1059  J=1.6 
GDIST ( I » J ) =0 . 

1059  CONTINUE 
1058  CONTINUE 

IF  (CCOMMM. EQ.O)  GO  TO  2506 
GDI ST  ( B » 1 ) =C JS2/FLQAT  < CCOMMM ) 

GDIST (9»1)=CBID2/FL0AT  <  CCOMMM ) 

GDIST< 10 r 1 )=CACCT2/FL0AT( CCOMMM) 

GD 1ST (11,1>=CGP2/FL0AT( CCOMMM) 

GDIST(12»1> =CNP2/FL0AT  <  CCOMMM  > 

REWIND  13 

DO  1052  H=l» CCOMMM 

READ  <13. 1920 )  ( DATA < I ) . I  =  8 1 1 2 ) 

DO  1053  1=8,12 

XMX  < I ) =DAT A ( I ) -GDIST  < 1,1) 

DO  1054  J=2 , 4 

GDIST ( I » J ) =GDIST ( I , J ) +XMX ( I ) ** J 

1054  CONTINUE 
1053  CONTINUE 
1052  CONTINUE 

DO  1055  1=8,12 
DO  1056  J=2 » 4 

GDI  ST (I , J)=GDIST< I, J ) /FLOAT ( CCOMMM ) 

1056  CONTINUE 

1055  CONTINUE 

DO  1057  1=8,12 

IF  <GDIST< I ,2) -EQ.O. )  GO  TO  2501 
GDIST(I,5)=GDIST(I,3)/GDIST(I,2>**1.5 
GDIST ( 1 . 6 ) =GDIST ( 1 , 4 ) /GDIST  < I , 2  >  **2 
GO  TO  1057 
2501  GDIST (I ,5>=0. 

GDIST ( I , 6) =0. 

1057  CONTINUE 
C 

C 

C 

C  DETERMINE  MOMENTS,  SKEWNESS  AND  KURTOSIS  FOR  THE  DISTRIBUTIONS  OF 
C  BACKLOG  OF  WORK  AND  WORK  COMPLETE  RATE  WITH  THE  SUBJECT  CONTRACTOR 
C  BIDDING  AT  M*  AND  M*#. 

C 

C 

C 

2506  DO  1060  1=13,16 
DO  1061  J= 1,6 
GDIST ( I , J ) =0 • 

1061  CONTINUE 

1060  CONTINUE 

IF  (CUW.FQ.O)  GO  TO  2507 
GDIST < 13,1 >=CU1/FL0AT<CUU> 

GDIST (14,1 )=CW1/FL0AT(CUU) 

GDIST ( 15, 1 )=CU2/FL0AT (CUW) 

GDIST (16,1 >=CU2 /FLOAT <CUU) 

REWIND  14 
DO  1062  M= 1 , CUW 

READ( 14,1930)  ( DAT A ( I ) , 1  =  1 3 , 1 6  ) 

DO  1063  1=13,16 


00014010 
00014020 
00014030 
00014040 
00014050 
00014060 
00014070 
00014080 
00014090 
00014100 
00014110 
00014120 
00014130 
00014140 
00014150 
00014160 
00014170 
00014180 
00014190 
00014200 
00014210 
00014220 
00014230 
00014240 
00014250 
00014260 
00014270 
00014280 
00014290 
00014300 
00014310 
00014320 
00014330 
00014340 
0 0014350 
00014360 
00014370 
00014380 
00014390 
00014400 
00014410 
00014420 
0001443C 
00014440 
00014450 
00014460 
00014470 
00014480 
00014490 
00014500 
00014510 
00014520 
00014530 
00014540 
00014550 
00014560 
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nnnnnnoon 


XMX( I )=DATA( I ) -GDI ST  ( I « 1 ) 

DO  1064  J=2*4 

GDISTd,  J)=GDIST(I,  J)+XMX(I)**J 

1064  CONTINUE 
1063  CONTINUE 
1062  CONTINUE 

DO  106S  1*13*16 
DO  1066  J=2*  4 

GDISTd. J)=GDIST<I* J) /FLOAT (CUW? 

1066  CONTINUE 

1065  CONTINUE 

DO  1067  1*13*16 

IF  (GDIST(I*2).EQ.O.)  GO  TO  1068 
GDIST( I,5>=GDIST(I.3>/GDIST(I,2>**1 .5 
ODIST (1*6) =GDIST (1.4) /GDI ST (1*2) *#2 
GO  TO  1067 
1068  GDIST ( I *5>=0. 

GDIST  < I *6)=0. 

1067  CONTINUE 


DETERMINE  MOMENTS.  SKEWNESS  AND  KURTOSIS  FOR  THE  COMPETITOR'S 
PERCEIVED  ESTIMATED  COSTS.  BIDS.  AND  PERCEIVED  GROSS  PROFITS  WITH 
THE  SUBJECT  CONTRACTOR  BIDDING  AT  M*. 


2507  DO  1070  1=17.19 
DO  1071  J=l,6 
GDIST ( I .  J ) =0 • 

1071  CONTINUE 
1070  CONTINUE 

IF  <  CCWONM . EQ . 0  >  GO  TO  2510 
GDIST<17.1) =CCJBS1 /FLOAT ( CCUQNM ) 

GDIST (18.1 ) =CCBID1/FL0AT< CCWONM) 
GDIST(1V.1)=CPGP1 /FLOAT (CCWONM) 

REWIND  10 

DO  1072  M=l, CCWONM 

READ( 10.1910)  (DATA( I >.1=17.19) 

DO  1073  1=17.19 

XMX ( I ) =DATA ( I ) -GDIST ( I . 1 ) 

DO  1074  J=2.4 

GDIST(I.J) =GDIST ( I , J ) +XMX ( I >  ##  J 

1074  CONTINUE 
1073  CONTINUE 

1072  CONTINUE 

DO  1075  1=17,19 
DO  1076  J=2»4 

GDIST(I. J) =GDIST( I, J)/FLOAT( CCWONM) 
1076  CONTINUE 

1075  CONTINUE 

DO  1077  1=17.19 

IF  (GDIST (1 ,2) .EQ • 0 . >  GO  TO  1079 
GDIST (I ,5>=GDIST(I.3>/GDI8Td.2>**l .5 
GDIST ( I »6>=GDIBT (I , 4 ) /GDIST (I ,2) *42 


00014570 

00014380 

00014590 

00014600 

00014610 

00014620 

00014630 

00014640 

00014650 

00014660 

00014670 

00014680 

00014690 

00014700 

00014710 

00014720 

00014730 

00014740 

00014750 

00014760 

00014770 

00014780 

00014790 

00014800 

00014810 

00014820 

00014830 

00014840 

00014850 

00014860 

00014B70 

00014880 

00014890 

00014900 

00014910 

00014920 

00014930 

00014940 

00014950 

00014960 

00014970 

00014980 

00014990 

00015000 

00015010 

00015020 

00015030 

00015040 

00015050 

00015060 

00015070 

00015080 

00015090 

00015100 

00013110 

00015120 
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GO  TO  1077 
1079  GDIST < I «5>=0. 

GDIST<I.6)=0. 
1077  CONTINUE 


DETERMINE  MOMENTS*  SKEWNESS  AND  KURTOSIS  FOR  THE  COMPETITOR'S 
PERCEIVED  ESTIMATED  COSTS.  BIDS.  AND  PERCEIVED  GROSS  PROFITS  WITH 
THE  SUBJECT  CONTRACTOR  BIDDING  AT  M**. 


2510  DO  1080  1=20.22 
DO  1081  J=1 » 6 
GDIST ( I » J ) =0 . 

1081  CONTINUE 
1080  CONTINUE 

IF  (CCUNMM.EQ.O)  GO  TO  2512 
GDIST<  20, 1 ) =CCJBS2/FL0AT (CCWNMM > 

GDIST ( 21 , 1 ) =CCBID2/FL0AT ( CCWNMM ) 

GDI  ST ( 22 . 1 ) =CPGP2/FL0AT  <  CCWNMM  > 

REWIND  11 

DO  1082  M=l» CCWNMM 

READ (11,1910)  <  DAT  A  ( I  )  , 1  =  20  »  22 ) 

DO  1083  1=20.22 

XMX  < I ) =DAT A  < I ) -GDIST ( I , 1 > 

DO  1084  J  =  2 » 4 

GDIST  <  I.  J)=GDISTU,  J  > +XMX  <  I  >  **  J 

1084  CONTINUE 
1083  CONTINUE 

1082  CONTINUE 

DO  1085  1=20.22 
DO  1086  J=2 , 4 

GDIST  < I , J  > =GDIST ( I , J ) /FLOAT  < CCWNMM) 

1086  CONTINUE 

1085  CONTINUE 

DO  1087  1=20.22 

IF  (GDIST< I ,2) .EQ.O. >  GO  TO  1089 
GDIST < I ,5>=GDIST(I,3)/GDIST(I ,2>**1 .5 
GDIST (1,6) =GDIST (I»4)/QDIST(I»2)**2 
GO  TO  1087 
1089  GDIST < 1 , 5 ) =0 • 

GDIST  < 1 .6) =0. 

1087  CONTINUE 


DETERMINE  NET  PROFITS  FOR  THE  SAMPLE 


2512  CNP1 =CGP1 -CTEC1 -C0HC1 
CNP2=CGP2-CTEC2-C0HC2 


00015130 

00015140 

00015150 

00015160 

00015170 

00015180 

00015190 

00015200 

00015210 

00015220 

00015230 

00015240 

00015250 

00015260 

00015270 

00015280 

00015290 

00015300 

00015310 

00015320 

00015330 

00015340 

00015350 

00015360 

00015370 

00015380 

00015390 

00015400 

00015410 

00015420 

00015430 

00015440 

00015450 

00015460 

00015470 

00015480 

00015490 

00015500 

00015510 

00015520 

00015530 

00015540 

00015550 

00015560 

00015570 

00015580 

00015590 

00015600 

00015610 

00015620 

00015630 

00015640 

00015650 

00015660 

00015670 

00015680 
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00015690 

PRINT  VALUES  THAT  ARE  LEFT  IN  ARRAYS  PR0F1  AND  PR0F2  WHEN  THE  SAMPLE  00015700 
HAS  ENDED  IF  A  COMPLETE  TABULATION  OF  RESULTS  FOR  SAMPLE  SPECIFIED.  00015710 
THESE  PROJECTS  ARE  ONLY  PARTIALLY  COMPLETE  AND  DO  NOT  ENTER  INTO  ANY  00015720 
ANALYSES.  00015730 

00015740 
00015750 
00015760 
00015770 
00015780 
00015790 
00015800 
00015810 
00015820 
00015830 
00015840 
00015850 
00015860 
00015870 
00015880 
00015890 
00015900 
00015910 
00015920 
SUMMAOOO 15930 
00015940 
00015950 
00015960 

UR I TE ( 6 . 760 )  KB , CB . UMAX . BONPCP , OPT JS  00015970 

760  FORMAT<///. 10X. 'SAMPLE  PARAMETERS  5 './ . 10X . 18 r /// r 16X r  000159B0 

•'DECISION  MAKING  TIME  INTERVAL  <K )  * '.9X.E10.4./.16X. 'PERCEIVED  0PP00015990 
•ORTUNITY  FOR  ACHIEVEMENT  < C ) S ' r 1 X , E 1 0 . 4 , / . 16X ,  00016000 

•'WORKING  CAPITAL  CONSTRAINT  RATE  < WMAX > : ' . 4X , E10 . 4 , / . 16X .  00016010 

•'BONDING  CAPACITY S ' .26X.E10.4./.16X. 'CONSTANT  ESTIMATED  PROJECT  SI00016020 


730  IF  (F'RNOPl  «£Q.2>  GO  TO  740 
GO  TO  754 

740  DO  1030  PN=1 .200 

IF  (PR0F1 <PN»1) .EQ.O. >  GO  TO  750 
WRITE ( 6 »  700 )  <PR0F1(PN,I).  1  =  1.8) 
750  IF  (PR0F2<PN. 1) .EQ.O. )  GO  TO  1030 
URITE  <6.710)  <PR0F2(PN. I ) .  1  =  1.8) 
1030  CONTINUE 


PRINT  SUMMARY  REPORT  FOR  EACH  SAMPLE. 


754  URITE <6. 756)  NS 
756  FORMAT  < ' 1 ' . ///// . 42X . 49  < 

•RY  OF  RESULTS  FOR  SAMPLE  NO. 
♦42X . 49 ( '*' ) ) 


)  »/.42X. .47X. ./.42X. '*' ,5X.  ‘ 
.I4.5X. '♦' ,/»42X, 'B' »47X, '♦'./» 


♦  ZES  '.UX/E10.4) 

UR I TE  <  6 . 820 )  A . B . MAXPRO . APR IME . BPRIME 
820  F0RMATU6X. 'LOU  BACKLOG  WITH  OPS  AT  MAX  EFFICIENCY S '. 4X . E10 . 4 ./ . 
1 1 6X . 'HIGH  BACKLOG  WITH  OPS  AT  MAX  EFFICIENC Y S ' » 3X . E10 . 4 . / . 

•  16X. 'RANGE  OF  EFFICIENT  OPERAT IONS 5 ' . 1 3X .E10 . 4 . / . 

*  1 6X » ' LOU  BACKLOG  BEFORE  MB  IS  MODIFIED 5 '. 9X . E10 . 4 ./ . 

•  16X » ' HIGH  BACKLOG  BEFORE  MB  IS  MODIFIED* ' .8X.E10.4) 


WRITE  <  6 » 822 )  INJMON 

821  FORMATS 16X. 'NUMBER  OF  PROJECTS  BACKLOGGED  IN  START-UPS 


.IX. 13) 


URITE <6. 762)  CN  JOBS ,  TAMD1 .  GPF'l . CNJOBS . TAMD2.GPP2 
762  FORMAT(///. 10X. 'ANALYSIS  OF  MARKET S './. 10X . 1 9 ('-').///. 16X . 
♦'NUMBER  OF  BID ' , 2X . ' SUB JECT  CONTRACTOR '. 3X TOTAL  AWARDED'. 2X. 
♦'TOTAL  POTENTIAL' »/.16X. 'OPPORTUNITIES' .4X» 'BIDDING  POLICY' .4X. 

•  'MARKET  DOLLARS' »3X. 'GROSS  PROF  I TS ' . // . 20X . 15 . 1 4X . 'MB'. 12X.E10. 4 . 
•6X.E10.4./.20X. IS. 14X. 'MB* ' . 1 1X.E10 , 4 »6X. E10 . 4 ) 

IF  (PRNOF'l  . EQ.  1 )  GO  TO  2210 

UR  I TE ( 6 . 764  ) 

764  FORMATS///. 16X. 'GENERATED  DISTRIBUTION  OF  ESTIMATED  JOB  SIZES') 


00016030 

00016040 

00016050 

00016060 

00016070 

00016080 

00016090 

00016100 

00016110 

00016120 

00016130 

00016140 

00016150 

00016160 

00016170 

00016180 

00016190 

00016200 

00016210 

00016220 

00016230 

00016240 
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t 


URITE(6.766> 

766  FORMAT (///,47X, 'THIRD' «5X. 'FOURTH './» 25X ,  ' MEAN ' ,5X , 'VARIANCE ' » 4X , 
* 'MOMENT '  ,5X , 'MOMENT ' »4X» ' SKEWNESS ' i 3X  r ' KURT08XS ' ) 

WRI TE (  6 ,  768 )  ( GDI  ST ( 2 . I > , 1  =  1 ,  6  > 

768  FORMAT (/,22X,E10. 4 »5< 1X.E10.4)  > 

C 

WRITES6.770) 

770  F0RMAT(///.16X, 'GENERATED  DISTRIBUTION  OF  MONTHLY  ARRIVAL  RATE  OF 
•BID  OPPORTUNITIES*') 

WRITE(6,  766) 

WRITE ( 6  ,  768  >  < GDIST <1 » I ) *  1  =  1 » 6 > 

C 

2210  WRITE ( 6 » 772 ) 

772  FORMAT (///»10X, 'ANALYSIS  OF  SUBJECT  CONTRACTOR  PERFORMANCES'./. 
*10X.43( '-' ) .///.16X, 'BIDDING' »1X. '^PROJECT ' » IX, ' #PROJECT ' ,2X, 

«' ESTIMATED' .3X. ' GROSS '. 6X .' ACTUAL ' ,5X» 'GROSS' ,4X. 'ESTIMATING' .2X. 
•'OVERHEAD' .5X» 'NET' ./.17X. 'POLICY' .3X. 'BID' .6X» 'WON' .7X. 'COSTS' » 
*5X. 'SALES' >6X. 'COSTS' .5X. ' PROF  ITS ' . 5X . ' COSTS ' , 6X. ' COSTS ' . SX . 
•'PROFITS' ) 

C 

WRITE <6. 774)  CBIDM , CWONM . C JS1 . CBID1 . CACCT1 . CGP1 .CTEC1 .C0HC1 , CNP1 . 


00016250 

00016260 

00016270 

00016280 

00016290 

00016300 

00016310 

00016320 

00016330 

00016340 

00016350 

00016360 

00016370 

00016380 

00016390 

00016400 

00016410 

00016420 

00016430 

00016440 

00016450 

00016460 


•  CBIDMM . CWONMM • C JS2  >  CBID2 . CACCT2. CGP2 . CTEC2  r  C0HC2 . CNP2  00016470 

774  FORMAT </.18X. 'M*' . 5X , 15 , 4X , 15 » 3X « E10 . 4 . 6 ( IX , E10. 4 > , / . 1BX , ' M** ' ,  00016480 

«4X,I5,4X.I5.3X,E10.4,6(1X»E10.4>  >  00016490 

C  00016500 

IF  (F'RNOPl . EQ.l )  GO  TO  2212  00016510 

C  00016520 

WRITE ( 6 . 776 )  00016530 

776  FORMATS///, 16X, 'DISTRIBUTION  OF  BACKLOG  OF  WORK  (END  OF  EACH  MONTH00016540 
•>:')  00016550 

WRITE  <  6 , 778  >  00016560 

778  FORMAT <//,22X, 'BIDDING' .26X. 'THIRD' »5X» ' FOURTH './, 23X ,' POLICY ' ,  00016570 

«4X, 'MEAN' ,5X, 'VARIANCE' ,4X. ' MOMENT ' »5X .' MOMENT '» 4X .' SKEWNESS ', 3X .  00016580 
•'KURTOSIS')  00016590 

WR I TE  <  6  r  780 )  < GDIST < 13 » I ) , I  =  1 .6 > . (GDIST ( 15 . J ) , J=1 . 6 >  00016600 

780  FORMAT (/. 24X, 'M*' » 4X , E10 . 4 . 5 ( IX . El 0 . 4 ) . / . 24X , ' M** ' . 3X , E10 . 4 »  00016610 

»5( 1 X , El  0 . 4 ) )  00016620 

C  00016630 

WRITE (6,782)  00016640 

782  F0RMAT(///,16X, 'DISTRIBUTION  OF  WORK  COMPLETE  RATE  (BEGINNING  OF  E00016650 


♦ACH  MONTH) S ' ) 

WRITE ( 6 , 778  > 

WRITE (6, 780)  ( GDIST( 14 , I ) » 1=1 ,6) , (GDIST ( 16, J) , J=1 ,6) 
WRITE ( 6 , 784 ) 

784  F0RMAT(///,16X. 'DISTRIBUTION  OF  ESTIMATED  COSTS* ' > 
WRITE ( 6 , 778 ) 

WRITE (6, 780)  (GDIST<3, I ) . 1=1 .6) , (GDIST (8 , J) . J»1 .6) 
WRITE(6,786> 

786  FORMATS///, 16X, 'DISTRIBUTION  OF  BIDS t ' > 

WRITE ( 6 , 778 ) 

WRITE <6, 780)  ( GDIST (  4 , 1 )  »  I»1 , 6 )  .  (GDI ST ( 9 ,  J)  ,  J=1 , 6 ) 
WRITE (6, 788) 


00016660 

00016670 

00016680 

00016690 

00016700 

00016710 

00016720 

00016730 

00016740 

00016750 

00016760 

00016770 

00016780 

00016790 

00016800 
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788  FORMAT <///»16X# 'DISTRIBUTION  OF  ACTUAL  COSTS’ ' > 

URI TE  < A t 778 ) 

WRITE ( 6  >  780  >  (ODIST <5* I ) t 1  =  1 . A > t < ODIST <10 » J) * J=1 t6> 

C 

WRITE(At790> 

790  FORMAT (///tlAXt 'DISTRIBUTION  OF  GROSS  PROFITS!' > 

WRITE (At 778 > 

WRITE < At 780)  (ODIST ( At I ) t 1  =  1  t A >  t < ODIST < 1 1 t J) t J»1 t A > 

C 

WRITE (At  792) 

792  FORMAT(///tlAXr 'DISTRIBUTION  OF  NET  PROFITS!') 

WRITE  <  A 1 778 ) 

WRITE (At  780)  < ODIST ( 7 1 1 ) 1 1 *1 1 A > t  < OPI ST < 12 1  J)  t  1 1 A ) 

C 

2212  WRITE (At 794 )  CNJOBS t CCWONM t CC JBS1 1 CCBI D1 1 CP0P1 1 CNJOBS t CCWNMM t 
ACC JBS2 1 CCB ID2  r  CPGP2 

794  FORMAT(///t lOXt 'ANALYSIS  OF  COMPETITOR  PERCEIVED  PERFORMANCE !' t / t 
•  10X i 45 < ' - ' ) t///t lAXt 'SUBJECT' I IX I ' *PRO JECT ' t IX t ' *PRO JECT ' 1 1 X t 
•'PERCEIVED' • 13Xt ' PERCEIVED ' t/tl8Xt 'BID' t 5X t ' BID' t AX t ' WON' tAXt 
•'COSTS' t5Xt 'SALES' t5Xt 'G  PROF  I TS ' t // 1 18X t ' M* ' t AX 1 15 1 4X 1 15 1 
*3< IXiEIO.4) t /t 1BX, 'M**' t5Xt I5t4XtI5t3< IX t El 0.4)  > 

C 

IF  ( PRN0P1 • EQ . 1 >  GO  TO  2214 
C 

WR I  TE  ( A 1 79A  > 

79A  FORMAT(///t lAXt 'DISTRIBUTION  OF  PERCEIVED  COSTS!') 

WR  I  TE  <  A 1 778  > 

WRITE (At  780 )  < GDIST < 1 7t I ) 1 1  =  1 1 A ) t (ODIST ( 20 1 J) t J=1 1 A) 

C 

WRITE (At  798 ) 

798  FORMAT(///tlAXt 'DISTRIBUTION  OF  BIDS!') 

WRITE ( A  t  778 ) 

WR I TE (At  780 )  < GDI  ST ( 1 8 1 1 ) 1 1 *1 1 A ) t ( ODIST < 21 1 J  >  t  J=1 1 A ) 

C 

WR I TE ( A 1 800 ) 

BOO  FORMAT(///t lAXt 'DISTRIBUTION  OF  PERCEIVED  DROSS  PROFITS!') 

WRITE  <  A  1 778 ) 

WRITE  (At  780 )  < GDIST <  19 1 1 )  1 1  =  1 1 A  )  t  ( ODIST ( 22 1  J)  t  J=1 1 A > 


PUNCH  SUMMARY  REPORT  FOR  EACH  SAMPLE. 


2214  IF  < PRN0P1 . EQ • 2 . OR . PRN0P1 • EQ . 3 )  00  TO  1004 
IF  < FRN0P2 . NE . 1 )  GO  TO  1004 
UR I TE ( 7 1 9A0 )  NS  t  KB  t  CB  t WMAX  t  BONDCP  t  OPT JS 
9A0  FORMAT <I4»6Xt5E10.4) 

UR I TE ( 7 1 9A2 )  CNJOBS  t  TAMD 1 1 OPP 1 1 TAMD2 1 0PP2 
9A2  FORMAT (I5t5Xt4E10.4) 

WRITE ( 7 1 9A4 )  CBIDMtCWONMtCJSl tCBIDl tCACl tCOPl tCTECl tCNPl 
9A4  FORMAT ( 215 1 AE10 . 4 ) 

WRITE  <  7 1 9A4 )  CBIDMM t CWONMM t C JS2 1 CBID2 1 CAC2 1 CQP2 1 CTEC2 1 CNP2 
WRITE  <  7t 9AA  >  CCWONM tCCJBSl tCCBIDl t CP0P1 
9AA  FORMAT (I5tSXt3E10.4) 


0001A810 
0001A820 
0001AB30 
0001A840 
0001A8S0 
0001A8A0 
0001A870 
0001A8B0 
0001AB90 
0001A900 
0001 A9 10 
0001A920 
0001A930 
0001A940 
0001A950 
OOO1A9A0 
0001A970 
0001A980 
00016990 
00017000 
00017010 
00017020 
00017030 
00017040 
00017050 
0001 70A0 
00017070 
00017080 
00017090 
00017100 
00017110 
00017120 
00017130 
00017140 
00017150 
00017160 
00017170 
00017180 
00017190 
00017200 
00017210 
00017220 
00017230 
00017240 
00017250 
00017260 
00017270 
00017280 
00017290 
00017300 
00017310 
00017320 
00017330 
00017340 
00017350 
000173A0 
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WRITE (7f 966)  CCWNMM . CC JBS2 . CCBID2 . CPGP2 
DO  1090  1=1.22 

WRITE (7. 968 )  < ODIST < I . J ) . J=1 . 6 ) 

968  FORMAT (6E10. 4 ) 

1090  CONTINUE 


1006  CONTINUE 

1999  CONTINUE 

2000  STOP 
END 


SUBROUTINE  FIND  DETERMINES  LAMBDA  PARAMETERS. 


SUBROUTINE  F IND < A3 . A4 . I . IER . NIE ) 

REAL  LAM 

COMMON  /LAMBDA/  LAM<6»4) 

IF  < A3 . EQ . 0 . AND . A4 . EQ • 0 . )  00  TO  40 

IER=0 

NIE=0 

A=ABS< A3) 

C=0 . 025 

IF  (A.LE. 1 .  )  GO  TO  10 
C=0.05 
10  REWIND  1 

20  READ (1.21. END  30 )  AL3 » AL4  >  <  LAM  <I.J).J~1.4) 

21  F  ORMAT ( 6F 10 • 2 ) 

R3- ABSIA-AL3 ) 

IF  <R3.GT.C)  GO  TO  20 
R4  ABS<A4-AL4) 

IF  (R4.GT.0.1)  GO  TO  20 
IF  <A3.GE.O. )  RETURN 
A“LAM (1.3) 

LAM(I»3)=LAM<I,4) 

LAM ( 1.4) =A6S  <  A ) 

LAM ( I . 1 ) =-L AM <  1 .  1  ) 

RETURN 
30  I E  R  =  1 
RETURN 
40  NIE=1 
RETURN 
END 


FUNCTION  DR AND 1  GENERATES  STANDARDIZED  RANDOM  PROBABILITIES. 


FUNCTION  DRANDl (LD > 
DATA  KD/13917/ 


00017370 

00017380 

00017390 

00017400 

00017410 

00017420 

00017430 

00017440 

00017450 

00017460 

00017470 

00017480 

00017490 

00017500 

00017510 

00017520 

00017530 

00017540 

00017550 

00017560 

00017570 

00017580 

00017590 

00017600 

00017610 

00017620 

00017630 

00017640 

00017650 

00017660 

00017670 

00017680 

00017690 

00017700 

00017710 

00017720 

00017730 

00017740 

00017750 

00017760 

00017770 

00017780 

00017790 

00017800 

00017810 

00017820 

00017830 

00017840 

00017850 

00017860 

00017870 

00017880 

00017890 

00017900 

00017910 

00017920 
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LD=LD*KD 

00017930 

IF  < LD < 6T .0)  GO  TO  1 

00017940 

LD=LD+2147483647+1 

00017950 

1  DRAND1=LD 

00017960 

DRANDl«=DRANDl*.4656613E-9 

00017970 

RETURN 

000179B0 

END 

00017990 

00018000 

00018010 

00018020 

FUNCTION  DRAND2  GENERATES  STANDARDIZED  RANDOM  PROBABILITIES. 

00018030 

00018040 

00018050 

00018060 

FUNCTION  DRAND2<LD) 

00018070 

DATA  KD/16807/ 

00018080 

LD=LD*KD 

00018090 

IF  (LD.GT.O)  GO  TO  1 

00018100 

LD=LD+ 21 47483647+1 

00018110 

1  DRAND2=LD 

00018120 

DRAND2=DRAND2*.4656613E-9 

00018130 

RETURN 

00018140 

END 

00018150 

00018160 

00018170 

00018180 

FUNCTION  ROFP  USES  THE  RS  DISTRIBUTION  TO  DETERMINE  VALUES  DF 

THE  RV. 00018190 
00018200 
00018210 
00018220 

FUNCTION  ROFP <  Ml » M2 . LAM1 . LAM2 1 L AM3 , LAM4 r P > 

00018230 

REAL  Ml » M2 • LAM1 1 LAM2  *  LAM3 » LAM4  »p 

00018240 

IF  (LAM2.EQ.0.)  GO  TO  10 

00018250 

R0FP=Ml+SQRT(M2)*<LAMl+<P**LAM3-< 1 . -P > **LAM4 > /LAM2 > 

00018260 

RETURN 

00018270 

10  R0FP=0. 

000182B0 

RETURN 

00018290 

END 

00018300 
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APPENDIX  D 


BACKLOG  FLOWCHART 

Figure  D.  1  presents  a  detailed  flowchart  for  the  BACKLOG  computer 
program.  Each  box  in  the  flowchart  represents  a  set  of  instructions  or 
operations  that  is  described  by  the  enclosed  title.  The  box  titles  in 
the  flowchart  correspond  closely  to  the  comments  in  the  program  list¬ 
ing  presented  in  Appendix  C.  The  box  shapes  correspond  to  the  shapes 
used  in  the  FLOWCHART  computer  program  (a  canned  program  available 
through  the  Instruction  and  Research  Computer  Center,  The  Ohio  State 
University).  Boxes  for  optional  printing  and  executing  statements  are 
not  included  in  the  flowchart  to  prevent  clutter  such  that  a  better 
understanding  of  the  program  may  be  obtained  by  the  reader. 
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--  FLOWCHART  FOR  THE  BACKLOG  PROGRAM  (Continued) 
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FIGURE  D.  1  --  FLOWCHART  FOR  THE  BACKLOG  PROGRAM  (Continued) 
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FIGURE  D.l  —  FLOWCHART  FOR  THE  BACKLOG  PROGRAM  (Continued) 
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FIGURE  D. 1  --  FLOWCHART  FOR  THE  BACKLOG  PROGRAM  (Continued) 
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FIGURE  D.  F  --  FLOWCHART  FOR  THE  BACKLOG  PROGRAM  (Continued; 


208 


FIGURE  D. 
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--  FLOWCHART  FOR  THE  BACKLOG  PROGRAM  (Continued) 
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APPENDIX  E 


BACKLOG  CURVES 


This  appendix  contains  fitted  and  prediction  backlog  of  work 
curves  for  various  K  and  C  combinations. 
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FIGURE  E.l  —  FITTED  BACKLOG  CURVES 


FIGURE  E.2  —  FITTED  BACKLOG  CURVES,  C=l. 


FIGURE  E.3  —  FITTED  BACKLOG  CURVES,  C=l. 
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FIGURE  E.4  —  FITTED  BACKLOG  CURVES,  C=2.0 
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FIGURE  E.5  —  FITTED  BACKLOG  CURVES,  K=.002 
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FIGURE  E.6  —  FITTED  BACKLOG  CURVES,  K=.003 
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FIGURE  E .7  --  FITTED  BACKLOG  CURVES,  K-.004 
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iURE  E  .8  --  PREDICTION  BACKLOG  CURVES 
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PREDICTION  BACKLOG  CURVES,  C=1  .5 
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FIGURE  E.ll  —  PREDICTION  BACKLOG  CURVES,  C=2.0 
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PREDICTION  BACKLOG  CURVES,  K=.003 
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APPENDIX  F 


MISCELLANEOUS  FIGURES 


This  appendix  contains  miscellaneous  figures  from  the  experiments 
reported  in  Chapter  5.  Figures  F.l  to  F.6  present  the  results  of  ex¬ 
periments  designed  to  identify  the  modulus  of  project  size  for  a  vari¬ 
ety  of  operations  defined  by  the  backlog  model.  Figures  F.7  and  F.8 
graphically  present  the  analyses  of  the  variable  costs  pricing  method¬ 
ology  for  markets  C  and  E,  respectively. 
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IDENTIFYING  THE  MODULUS  OF  FIGURE  F.6  --  IDENTIFYING  THE  MODULUS  OF 

PROJECT  SIZE,  K=.002  AND  C=2.0  PROJECT  SIZE,  K=.004  AND  C=1  .5 


FIGURE  F. 7  —  GRAPHICAL  ANALYSIS  OF  MARKET  C 


APPENDIX  G 

TYPICAL  BACKLOG  OUTPUT 

Figure  G.l  shows  the  BACKLOG  output  summary  of  user  specified 
information.  This  summary  is  printed  for  all  options.  Figure  G.2 
presents  the  short  summary  output  for  a  single  sample.  Figure  G.3 
shows  the  long  summary  output  for  the  sample  presented  in  Figure  G.2. 
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FIGURE  G.l  -  SUMMARY  OF  USER  SPECIFIED  INFORMATION 


■Mx**  no*  Si  ins  3D  30  mvxwrts 


s  : 


?????????? 


OQ/w\o^AmmJ 

O^n^o-.no^ 

i  ii  in  i  1 1  m  *i  i.  m 

OOOOOOOOOO 


£  l 


*41  <M 


J~*  QUi 
■»4  <*J 


ax 

•« 


o  _ _ 

^  XmOO 
2-*  *  2*oquj 

£**  *-»*  *-  */»i 

2*a  avs-.s 

t***o»  2 

*?f  „to  *tf 

-53^2° 
i.JSSiSS&Sfc! 
2?aC5j’2S (-3 
aSiraSsiiSjli?  £ 


.Ou 


*283183 

S*i832M9r* 


•J  l 

I 

5 


II 


2a  ?f 


35 


0*« 

;'"  S* 

*s 

-X*»  «  <$ 
♦■*  <*  •  4 

Ox  oO 


ou 


3  » • 

ct 

jo 

u^a 

i« 


4i«  M 

o*  m* 

3  •*«■* 
<VN 

UJ« 

iP 


^  i 

f! 


■~  i 

II 


-S  3S 

i|  ss 

a*  •  • 
oo 

9  oo 
<  ♦  ♦ 
l*<X  iWi*i 

X»-  ■■) 

*x  r»r* 
4/0  -•-• 

VU  <5  4 

o  •  • 
00 

tl 

*  00 

■**•  4  4 

*“  ■*  *<  W 

«t^* 

*■3  i^fs* 

«X  •  • 

«  OO 
«  I 

.  00 

J*  ♦  ♦ 

U>w 
■*'■"•  KK 
O*  NM 


52 

A. 


*2 


***4 
»4*4 
*  • 
OO 

♦  ♦ 

?? 
W*3 

88 

K 
*  * 
00 

H 

XX  >4**j 
*Xu*  4“N* 
3-<  fsi«* 

55  28 
•  » 
00 

3  r< 

*  60 

K*  4  4 
•IK  -u^i 

IJ»  00 

K3  82 

: 

OO 


If 


5 

*1 

Ii 

3! 

« 1 


UJ  <MM 

*»9 


25 

HM  % 

SI  » 


Ox  X(f 

tz  ?$ 
55  »5 
W  » 

•  X 


ao 


o  o 

?? 


ii  L  II 

,°l 


S3  .  . 

«o  OO 

f  ';"; 

-  00 

o 

** 

5 


**•¥ 
*»<* 
no  .*«* 

N>l 


1= 


22  a 

4 


CX 

55 

£ 

U0 


ex 

O 

X 

00 


13 

ex 

h- 

ZD 

O 

O 

o 

_J 

ej 

CD 


CNJ 

CJ3 


ex 

X 

(J3 


233 


I 

Z! 


'>*-•<*>  4  rr><m  t  4 

?????????? 

tiiWMi<WIUUJi4l  unjm 

OOOOOOOhOO 

8  On  no 

oooooooooo 


52  wJf  5 

*a  * *  < 

-»i3  uii  o2* 

K>  ••—**.  « 

'^UMU  UiiU,  MV4  ** 
*•***.■*••*.-« 

-*  I  «  "*u,  4«3Q 

%:iSS*3 

«  ^ 

****  vj*  *-  ^iO 

**•«  « 
-*  *  3«  *  •  O 

***•  «  -»4.  •  &  < 

•**-*»  *-*4.0«  « 

*~f  *0  u> 

”1"  QO 
*“"«-'•***' 

y*  *5*"**~a.  Ui  4i 

-*  d 

*  « I'u'j  j«3w 

jO J 

SmS^ 

lt«S335J3ri 


54  ?? 

*•  dt  Ui  Uj 

4. 

38  1*. 
53  00 


£3^» 

o«  «  « 

af  J  OO 
♦  ♦ 


a 

«o 


°3 


o  6 

•MC* 

•  • 

OO 


-x-» 

3“ 

5f 

Ji 


5® 


2 

* 


°5  aa 

'W'* 


*2 

JS 


3 

* 

a 


8 

t 


* 

9- 

0 


u 


n 

-s 


* 

5 

K 

**. 

o 

i 


o 

O 


I  8 


*.  ? 

at*  -u 

rS  P 
•"2  i 

I 

OJ  O 

t  i 

a  3 


5  S 

•At  <n 

c  n 


3 

« 

3 


234 


FIGURE  G.3  --  BACKLOG  OUTPUT:  LONG  SUMMARY 
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BACKLOG  OUTPUT:  LONG  SUMMARY  (Continued) 


FIGURE  G. 3  -  BACKLOG  OUTPUT:  LONG  SUMMARY  (Continued) 
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